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STUDIES ON THE PERMEABILITY OF LIVING AND DEAD
CELLS.

L NEW QUANTITATIVE OBSERVATIONS ON THE PENETRATION OF
ACIDS INTO LIVING AND DEAD CELLS.

By MATILDA MOLDENHAUER BROOKS, Assistant Biologist, Division of Pharmacology, Hygienic
Laboratory, United States Public Health Service.

The effect of acids upon the permeability of tissues has attracted
the interest of investigators for many years. From the qualitative
determinations of such men as Pfeffer (1) and Ruhland (2) were born
the efforts of later investigators, who have attempted to place the
study of acid penetration upon a quantitative basis. The excellent
work of these men has opened the way for further observations.

The first to use quantitative methods was Harvey (3), who made
direct observations upon the pigmented gonidial filaments of a
holothurian, Stichopus ananas, the “prickly fish.” This animal
contains a pigment which is sensitive to changes in H-ion concen-
trations within a certain range. Harvey placed animals in equal
molecular concentrations (0.01N) of a large number of acids, and
measured the time required to produce color change in the pigment.
He concluded that there was no relation between degree of dissocia~
tion of an acid and its toxicity, but that there is a general relation,
though not exact and quantitative, between penetrating power on
the one hand and lipoid solubility and capillary activity on the other
hand.

Crozier (4), noting that Harvey studied only one concentration
of acid, made observations at a number of concentrations in a series
of acids similar to the concentration employed by Harvey. Although
using a totally unrelated animal, he nevertheless obtained results con-
cordant with those obtained by Harvey using 0.01N solutions. Crozier
(5) used the mantle tissue of a nudibranch mollusk, Chromodoris
zebra, which also contains a natural pigment sensitive to acids and
changing from blue to pink at a pH of about 5.6. In further studies
Crozier (6) found that in most of the lower concentrations butyric
acid penetrates more readily than acetic acid, and that the effect of
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the relative H-ion concentration on the speed of penetration increases
with increasing concentration of acid. In this investigation the same
writer made observations on the chloroacetic acids, and from the
consistent behavior of the members of this series he was led to con-
clude that ionization determines the relative penetrating ability.
He concludes that the actual speed of penetration through the tissues
observed with any acid is dependent upon two influences: namely,
preliminary chemical combination with the outer protoplasm fol-
lowed by diffusion.

Osterhout (7) has shown that the resistance of the marine alga,
Laminaria agardhii, when it is immersed in different concentrations
of -HCl, is that which would be expected if this tissue behaved like the
mantle tissue of Chromodoris.

Haas (8) used acids in such concentrations as to give the same
external pH (2.0), and found that acetic acid penetrates into various
plant cells more quickly than HCl at the same pH. '

Recent work by Loeb (9) has shown that the rate of diffusion of
acids into the egg of the marine teleost fish, Fundulus, is greatly
influenced by the cations present in the surrounding solution.

In this paper the penetration of acids into a living cell has been
studied under conditions in which the surrounding solution always
consisted of sea water to which had been added traces of acid. The
same cations were therefore always present in the same proportions.

Furthermore, the same concentration of hydrogen ions was main-
tained throughout the whole series of experiments. The recent
researches of Loeb (10) on the chemical and physical behavior of pro-
teins have demonstrated the importance of maintaining equal H-ion
concentrations when the behavior of ampholytes is involved, and
have led the writer to maintain equal external H-ion concentrations
throughout the present investigations of the penetrating power of
a series of acids. These acids were used in such concentrations as to
give a pH of 3.6, because the observations of Loeb show that near this
pH the salts of many native proteins have their maximum osmotic
pressure, viscosity, and swelling. At this pH adventitious changes
in the reaction have relatively little influence on these physical
properties, thus minimizing the possible error produced by such
changes. At lower H-ion concentrations, such as pH 5.0, it was also
found that the time elapsing before there was an appreciable change
in the pH of the cell sap was very great, particularly in the case of
sulphuric and the weak acids, and the results could not be depended
upon for accuracy. '

The marine alga, Valonia veniricosa (J. Aghard ') was used because
of its exceptional suitability for studying the penetration of sub-

1Dr. n.}\.nowe,oltho New York Botanical Garden, 50 identified the species used. (Personal com-
munication.)
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stances through living protoplasm. It is a single coenocytic cell with
a large vacuole which contains cell sap in quantities sufficient for
making accurate analyses. Outside of this vacuole is a delicate layer
of protoplasm containing many nuclei, chloroplasts, etc., and this in
turn is inclosed in a thin, very tough external wall. The size of this
organism varies from very small plants to those containing 25 to 50
c. c. of sap. Thus by noting the H-ion concentration of the sap at
various intervals after immersing the cell in an acid solution, one can
readily detect the entrance of the acid in question.

. Valonia ventricosa was obtained by dredging about 3 meters
below low tide level along the Florida Keys. The plants usually
had adhering to them pieces of coral, sand, sponges, other seaweeds,
or débris, and these were all carefully removed before the plants were
used for experiments. The plants were collected three times a week.
After collection there were always some which were injured, and these
cytolyzed usually by the next morning, so that the plants were seldom
used immediately after collection. In this way most of the plants
not.-in good condition were eliminated. The ones in good condition
were used one day and sometimes two days after collection.

For testing the sap, each cell was thoroughly wiped on filter paper
until dry, a small hole punctured through the wall by means of a
pointed glass rod, and the sap forced through the opening. As the
sap is under considerable pressure it comes out readily. In all of
these investigations, hard glass test tubes and tubing were used.
The pH determinations were made by means of indicators. Under
no condMions was the sap allowed to spray through the air, because
CO,! is quickly disgipated, thereby causing a change in the pH of
the sap and giving rise to erroneous data. Distilled water was not
used for rinsing because of the pronounced influence -exerted by it
on the hydrostatic pressure within the cell. It was found that
when cells were left in distilled water for 10 minutes qr even less,
they ruptured. It was also found that by wiping a cell thoroughly
on filter paper, all particles which might contaminate the sap
were effectively removed. It was very important to make certain
of this, because the sap at certain H-ion concentrations was almost
devoid of buffer properties, and traces of alkali or acid would seriously
affect the results.

It was found that the pH of the sap of healthy plants was almost
invariably between 6.2 and 6.4 when the free CO, was not removed,
and between 6.6 and 6.8 when the free CO, had been eliminated.
One would expect the pH of the CO,-free sap of Valonia ventricosa
to be very close to 7.0, according to the analysis of the sap of V.
macrophysa (12), most of the salts of which are in the form of chlorides.

1 This was also noted by Crozier (11).
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Crozier (11) found the sap of V. macrophysa to have an average pH
value of 6.9. This measurement was evidently made without elimi-
nating the CO,, as no mention is made of removing it. The slight
differences between the results obtained by Crozier and the writer
may be due to difference in species or to local conditions. It may
be of interest to add that the cell reaction. of most plants has been
found to be acid. The writer (13) has also had occasion to' note
the reaction of the sap of a fresh-water alga, Nitella sp., which grows
at Woods Hole, and found it to have a pH value of 5.7. No account
was taken of the CO, content of this alga, except the usual care in
preventing its escape. ‘In the light of these experiments it would
be of interest to find out the pH of the sap of Nitella after removing
the CO,. Some of the larger cells of Valonia were more alkaline
(pH 7.0 to 7.6). This may be due to the fact that as the cells age
they become more permeable to the salts of sea water, and therefore
the composition of their sap more nearly approaches that of sea
water, the pH of which is 8.6. Only occasionally are small plants
found the cell sap of which has a pH of 7.0 and more. These have
perhaps been injured at some time. The readings obtained from
these were always discarded.- Some plants are also incrusted with
a growth of some kind of sea weed, which can not be scraped off

without injuring the plant. It was found that the readings in which-

these plants were used could not be relied upon to give accurate
results, and they were therefore never used.

Dead cells have the same reaction as sea water, which, in this
locality, is pH 8.6. In all of the experiments only those cells which
were obviously healthy or in good condition werg used. These were
dark olive green in color, glossy and very firm and hard. As the
plants die they become light green in color and finally soft and dull.
The protoplasm then disintegrates and leaves the cells transparent,
and the small particles of the disorganized protoplasm can be seen as
small dark green or black bits floating loosely in the sap. Not all
plants become soft immediately. Some retain their turgor for a long
time.

The temperature at which these expenments were done was 24° C.
This is the temperature of the sea water at Miami and of the running
sea water at the laboratory. It remains constant throughout the
year.

It was found that Valonia is very sensitive to any slight changes in
osmotic pressure, and care was therefore necessary to interfere with
this as little as possible. The gcids were added to sea water in traces
until pH 3.6 was obtained. They were kept constant at this pH by
addition of traces or by replacing the hqmd depending on the rapidity
with which the pH changed from 3.6. -



1453 ‘June 29, 1923,

In all of this work two sets of readings were made; one set, including
all the free CO, found in the sap and the other set when the free CO,
had been removed. In all the figures the curves marked “A’’ indi-
cate the pH of the sap when CO, was included in the readings, or, in
other words, just as it was inside the cell. Those curves marked “B”’
indicate the pH of the sap after the CO, had been expelled. The CO,
was blown out by placing the sap in Pyrex tubes and bubbling through
it compressed air washed through a solution of NaOH. The outlet
tube of the NaOH wash bottle was thoroughly protected by a ‘“hood”’
of filter paper to keep out any spray from NaOH. No ammonia was
detected in the compressed air. By this method it was found that in
many cases an acid, upon penetrating, combined immediately with
the basic ions previously present in combination with CO,. The
latter was liberated as carbonic acid, which was the acid directly re-
sponsible for the observed increase of acidity, and which could be
removed by aeration. Any change of pH still remaining after aera-
‘tion would then be due to acid penetrating from the exterior solution
in excess over the amount needed to displace the carbonic acid.

It was thought that perhaps some of the acids entering the cells
were volatile enough to be bubbled off by this method, thereby giving
‘wrong values for the H-ion concentration of the sap; but in no case
could any change of pH be produced by aeration of sap from cells pre-
viously in solutions of such acids.

In all figures each curve represents one typical experiment. In
every case a number of experiments have been performed, varying
from 6 in cases which gave concordant results to 10 or more in
those which were less certain. For each experiment the number of
plants used is shown by the points on the curve. Each point repre-
sents one observation made upon the sap of one plant.

The probable error was determined for a few cases and found to

be about 1 per cent.
RELATION OF SIZE OF PLANT TO RATE OF PENETRATION OF ACID.

It was soon discovered that cells of the same size had to be chosen
for all the experiments in ordér to obtain consistent results. Crozier
-(6) also had made this observation in the case of Chromodoris. He
assumes that the distance to which acid must have penetrated in
order to occasion the indicative color change is essentially a constant
quantity in the case of Chromodoris, quoting Conklin (14) to the
‘effect that “in mollusks the cell size is not a function of body size
but is constant during by far the greater part of the life duration.”
In Valonia the size of the cell and vacuole changes with the age of
the plant; and when acids appear to penetrate more slowly, this may
be due to the greater distance through which substances must
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diffuse in order to pass from the periphery to the center of the vacuole,
or vice versa. That simple diffusion controls, to a considerable
extent, the rate of change of the pH of the sap of Valonia is illustrated
by the following experiment: If the sap from a single cell which had
been previously placed in certain of the acids was forced out continu-
ously, without releasing the pressure, into several successive tubes,
each containing indicator, it was found that the acidity changed in
the successive tubes. For this reason, when making a single deter-
mination of the acidity of the cell sap, all of the sap was used and
only the average acidity was recorded. This precaution was found
to be unnecessary in the case of those.acids which penetrate so
' rapidly that diffusion is a negligible factor.
One can readily understand that cells hav-
ing a diameter of 10 mm. might be expected
to give different results from those the diam-
eter of which is 25 mm. For all the ex~
periments here described, only those cells
having a diameter of 13 mm. were used, un-
less otherwise specified, as it was found that
these were most convenient to handle and
gave reliable and consistent data. In order
to obtain the proper grading, a piece of
cardboard with an opening of 13 mm. in
diameter was used for measuring the cells
(on the principle used in grading fruit).
5 ] o & The relation of size of plant to rate of pene-
ce. " tration of acid is illustrated in Figure 1.
‘¥re. 1—Relation of size of plant to  Figure 1 shows the relation of the size of
t.:§.°$,§’°:',° tr‘f:m“innﬁnm? Valonia to the rate of penetration of HCl
Tho rdinates represent pL ané when the plant was left in a solution con-
cubic centimeters of sap contained gisting of sea water in which enough HCl
by the plant. had been dissolved to produce a pH of 3.6.

The absciss® represent the number of cubic centimeters of sap
which the cell contained and the ordinates represent the pH of the sap
after the cell had been in HCI for one hour.

Curve “B” shows that the H-ion concentration of the sap when
the free CO, was removed was considerably less than that in its pres-
ence. Thus, the first point shows that when the CO, was eliminated
from the sap of a cell containing 0.5 c. c. of solution the residual pH
was 5.3. In the same way points 3 and 4 show that when the plants
contained 5 c. c. and 15 c. c., respectively, of cell sap, the residual pH
was 5.8 and 7.0.

In the first two cells, which are the smallest, there is not so mnch
bicarbonate to be acted upon and, therefore, less CO, to be liberated.
In other words, the greater the diameter the smaller the ratio of the
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area of the cell surface to the volume of the cell, and therefore the less
acid will enter in any given time per gram ion of HCO, to be decom-
posed, and the slower the apparent penetration. That diffusion
plays a réle in some cases of slower penetration is very probable.
That larger plants have a higher concentration of bicarbonates to
decompose is also probable, inasmuch as the pH of the sap of large
plants is normally considerably higher than that of smaller plants.
The initial pH of the plant represented by point “4” in Figure 1 was
probably about 7.4 (as indicated by controls which had been pre-
viously observed).

' THE EFFECT OF ACIDS UPON LIVING PLANTS.

The chracteristic difference between: the action upon protoplasm
of mineral acids and that of organic acids is the subject of much
discussion. It is hoped that the observations here recorded may
throw some light upon this problem.

It was found that the acids used in these experiments could be
grouped into two broad classes. The behavior of carbonic acid was
found to be sufficiently characteristic to make it seem desirable to
devote a separate paper to its discussion.

The first class comprises those acids which, in penetrating, displace
all or most of the bicarbonates, producing a great deal of free CO,,
which persists for a considerable length of time. These acids are
hydrochloric, nitric, sulphuric, arsenic, phosphoric, oxalic, citric,
tartaric, trichloracetic. To this list must be added mono- and di-
chloracetic acids, which appear to penetrate more rapidly and main-
tain free CO, for a much shorter time.

To the second class belong benzoi¢, butyric, and acetic acids, which
give no evidence of CO, liberation; and salicylic acid liberated so
slight an amount that it has also been included.

The acids' of the first class are more strongly dissociated than
those of the second class, which, with the exception of salicylic acid,
are very slightly dissociated (see Table I). The acids of the second
class are also distinguished by the fact that they belong to the class
of substances which Hantsch terms “pseudo-a.clds " The signifi-
cance of this fact has been discussed by Loeb in a recent paper (9).
They are more toxic than acids of the first class (except mono- and di-
chloracetic acids). It will also be evident thata quite different set of
reactions is induced in the cell by acids of the second class.

Figure 2 shows the effect upon the cell sap of Valonia of i immersing
the plant in sea water in which enough acid was dissolved to give a
pHof 3.6. The three mineral acids used are represented by the follow-
ing symbols: hydrochloric,open and closed circles; nitric, open trian-
gles and underlined circles; sulphuric, closed triangles and crosses.

The ordinates show the pH of the sap. An initial pH of 6.6 is
always indicated for curve “B,” as that was the average normal pH of
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the cell sap from which CO, had been removed, and an initial pH of
6.2 was always indicated for curve ‘“A,” indicating the usual pH of
the sap with CO, present. The absciss@ show the time in minutes,
beginning at the moment the cells are placed in the acid solution.

Curve “A” shows the reaction of the sap when CO, is allowed to
remain. "These curves are identical in the first part of the reaction
but vary in the latter part on account of varying rates of penetration
of these three acids. Sulphuric acid is the slowest of any studied;
the dotted lines show that an interval of five hours elapsed without
a change in.pIl. It seems as if the SO, has an effect upon the pene-
tration of the H-ion. Since SO, is absent from normal sap (15), it
seems probable that the same mechanism acts here as acts to prevent
the penetration of sulphurie acid.

Curves “B" show the pH value of the sap when CO, has been
removed. These curves are all more or less identical im shape

d £ 40 éo 80 100 120 #o t60
Minutes

Fic. 2.—H-ion concentration of the sap of Valoniz when placed in sea watercontaining, respeetively, HCI,

HNO;s,and H2804. “A” curves represent the pH values of thesap when CO; is present,and “B”’ curves

when CO; has beenremoved. Abscissee show timein minutes,and the ordinates represent the pH values.

except that the horizontal portions are longer or shorter, depending
upon the acid used. HCl and HNOQ,, which show a short horizontal
portion, are also more toxic than H,SO,, as shown by the length of
time cells survive in sea water. After the cells have been a given
length of time in acid, HCl and HNO, penetrate in about the same
time and are about equally toxic. In the experiments on survival,
summarized in Table I, all plants were returned to sea water after
having been in acid the indicated length of time. Only cells of the
same size as were used for the other data were included. The time
they survived was reckoned from the time they were returned to
sea water until they cytolyzed. Thus, after 90 minutes in HCI, the
cells cytolyzed in five days; after three hours, in two days. After
45 minutes in HNO, they cytolyzed in four days; after five hours,
in one day. Normal cells live under laboratory conditions in sea
water from 10 days to one month,
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The data in Table I do not purport to be complete. They give
a comparative idea of the length of life and amount of injury in some
of the acids used. It is readily seen here that those acids which
decompose bicarbonates are not so toxic as those acids which enter
without acting on the bicarbonate. It might be possible to deter-
mine what proportion of the bicarbonates may be decomposed

Curve A Curve B
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FiG. 3.—Changes in the H-ion concentration of the sap of Valoniz when placed in solutions of arsenic and
phosphoric acids. Curves “A’’ show the pH values when CO; has not been removed, and curves “B”
show the pH values when COz has been removed. The ordinates represent the pH of the sap, the absciss®
the time in minutes.

without causing irreversible injury. Those acids which penetrate

without acting upon the bicarbonates produce irreversible injury

almost immediately. Stated in other words, it seems that the

Corve A CurveB
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OXALIC...... X «....Q

° Zo 0 60 % - 120 0 180 L2
L 1nUTES

Fi6. 4—Changes in the H-ion concentration of the sap of Valonia when placed in solutions of citric, tartarie,
and oxalic acids. Curves ‘“A’”’ show the pH when CO; is present, and curves “B” show the pH when
the CO; has been rcmoved. The ordinates represent the pH of the sap, and the abscissee show the time
in minutes. The dotted lines indicate 75 minutes.

presence of bicarbonates affords a protection against injury by highly
dissociated acids. '

The descriptions for the following figures are identical with the
explanation of Figure 2 and will not be repeated. The only differ-
ences are in the kind of acid used.

Figure 3 shows results obtained with arsenic acid (2AsO (HO),"H,0)
and phosphoric acid (H,PO,). The dotted lines show an interval of
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two hours elapsing before the A and B curves coincide. - Curveas A
are almost identical for these two acids and resemble those of Figure
2 also. Curves B are also much like those of Figure 2.

These acids are slightly less toxic than HCl. Cells allowed to
remain in arsenic acid for three hours cytolyzed in three days; for
one hour, five days. In the case of phosphoric acid they cytolyzed
in one day after six hours in the solution, and in four days after four
hours in the solution.

Figure 4 gives the results with citric ((CH,"-CHOH- CH-, COOH),),
tartaric (CHOH: CHOH' (COOH),), and oxalic (COOH), acids.
These curves are similar in form to those of the preceding figures.
Penetration seems to be somewhat more rapid. Survival data were
obtained for citric acid alone. After one hour in this acid, the plant

3.

g 20 40 60 g0 "o %0 40 23
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F1G. 5.—Changes in the pH value of the sap of Valonia when placed in solutions of mono-, di-, and tri-
chloracetic acids. Curves “A” show the pH when COjs is present, and curves “B’’ show the pH when
CO; has been removed. The ordinates represent the pH values of the sap, and the abscisse show the
time in minutes.

lived nine days. Citric acid is therefore considerably less toxic than
the other acids mentioned above.

Figure 3 represents the results with mono- di- and tri- chloracetic
acids (CH,CICOOH, CHCLCOOH, and CCLCOOH). These acids
are much more toxic than those noted in the preceding paragraph.
After 12 minutes in monochloracetic acid the cells cytolyzed in two
days, and after 22 minutes, in one day. After 14 minutes in
dichloracetic acid they cytolyzed in two days when transferred
to sea water, and after 35 minutes they cytolyzed in one day.
Trichloracetic acid was less toxic than the other two chloracetic
acids. After 6 minutes in this acid, the plants lived 10 days in s2a
water, and after 30 minutes they lived 6 days.
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Contrary to expectation it was found that trichloracetic acid was
less toxic and less rapid in bringing the sap to the ultimate pH of 3.6
than the other two acids of the series. These results do not agree
with those of Harvey (16) and Crozier (6). Harvey states that all
three acids penetrate tissue within the same time approximately
from 0.01 N solutions; and Crozier states that ionization determines
the relative penetrating ability within groups of acids having chemical
relationship. It is noteworthy that trichloracetic acid, which is a
strongly dissociated acid, produced results approximating those of

Y
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Fia. 6.—H-ion concentration of the sap of Valonia when placed in solutions of acetic, salicylic, butyric,

and benzoic acids. (Salicylic acid is the only one of this group having two curves, as there was a slight
amount of CO: liberated.) The ordinates represent the pH values of the sap, and the abscisss show

the time in minutes.

the mineral acid, HCl, whereas mono- and di- chloracetic, which
are less'strongly dissociated, penetrate more quickly than the other
acid of this series.

If the curves ‘“‘A” in the following figures alone were con31dered
the writer might also have concluded that the penetration of tho
three acids is almost identical. However, curves ‘‘B” show a
decidedly different set of conditions. The ‘‘A” and ‘B’ curves of
tri- chloracetic acid coincide much later than those of mono- and
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di- chloracetic acids. This suggests that a great deal more bicar-
bonate is decomposed by the more strongly dissociated acid.

Figure 6 shows the rate of penetration of the following acids:
acetic, butyric, salicylic, and benzoic (CH,COOH, CH,CH,CH,COOH,
C,H,OHCOOH, CH,COOH). These acids were grouped together
because of the rapid entrance of the acid and the absence of CO,
liberation, except in the case of salicylic acid, which liberated a very
slight amount.

These acids are all very toxic, except salicylic, which is the least
toxic of this class. Table I shows that when the plants were allowed
to remain in acetic acid for 42 minutes, they cytolyzed the next day;
after 7 minutes they cytolyzed in three days. When they re-
mained in butyric acid for either 30 seconds, 2, 4, or 11 minutes,
they cytolyzed in one day; after 31 minutes they cytolyzed the same
day. In the case of benzoic acid they survived one day after having
been in a solution of this acid for only 5 minutes. In salicylic
acid, which is not so toxic, they survived three days after having
been in this solution for 27 minutes Since salicylic acid liberated
some of the bicarbonates, its effect on the viability of the cell agrees
with the concept that those acids which act on the bicarbonates
of the cell are less toxic than those which penetrate without this
reaction.

If a penetrating acid of the first class liberates the CO, of the cell
by decomposing the bicarbonates, it would be expected that those
cells which had been in this acid long enough would have lost the
whole of their bicarbonates, and after having been transferred to
sea water long enough for all the free acid to diffuse from the cell,
would show rapid penetration of this acid. This was proved to be
the case by the following experiment: Cells had been kept in the usual
solutions of HCl long enough to have a pH below 5.0 and then trans-
ferred to sea water till their pH became 8.6. When, after this, they
were returned to HCI solution, the sap became acid very rapidly.
Cells which had been kept in an acetic acid solution (acid of the second
class) for a few minutes until the required pH of the solution was
attained and then transferred to sea water until the pH of their
sap became 8.6, were likewise placed in HCI solution, but the pene-
tration of HCl took place in the usual manner, i. e., very slowly,
thereby showing that in the latter case there is no alteratlon in the
manner of penetration of HCI whereas in the former case the absence
of bicarbonate hastens the penetration of HCL.  Crozier (17) also found
that to be the case, although he has attributed another reason for
this increased rate of penetration.

These cells in both cases are dead, but the experiments with the
cells killed by other methods show that this rapid increase of H ion
concentration is not due to the fact that the cell is dead.
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EXPERIMENTS ‘WITH DEAD CELLS.

It is a matter of general opinion that when tissues are dead, sub-
stances penetrate “instantly.” It was therefore thought of interest
to make some quantitative observations upon the penetration into
dead cells of some of the acids studied in the preceding pages.

Two sets of dead plants were used—those which were killed by
boiling in sea water for 10 minutes and those which were found dead.
Those which had been boiled and cooled to 24° C. before use became
bright green in color, soft and dull, but the protoplasm remained
intact. It was thought that this control would show the rate of
penetration through dead protoplasm. Other cells which were

; = % ra s 5 5 P —
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Fi16. 7.—Effects on the pH of the sap of dead plants when placed in solutions of HCl. Curves “A” show
the pH when COjs has been allowed to remain, and curves “B’” show the effects when COs has been
removed. Ordinates represent pH values, and abscissee time in minutes.

found dead in their -natural habitat, sea water, were transparent,
and the protoplasm could be seen through the wall in small dark
green or black disintegrated particles floating loosely in the sap.
The cell sap of all of the dead plants, boiled or not boiled, was of the
same pH as the sea water of this locality (8.6) with free CO,, and pH
9.0 without free CO,. Therefore in all of the figures concerning déad
plants the initial pH is shown as 8.6.! In some cases the results
obtained with these two sets of dead plants were identical, and
therefore only one set of symbols was used; in those cases in which
there was a difference in the action of the aclds upon dead plants,
the two sets of curves were included.

11n the figures illustrating the eflects on dsad plants the initial pH of all of the curves was 8.6; butwheu
a great many symbo.s were used, it was impossible to designate their origin at oue point, and hence most
of them were omitted at zero minutes.
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Figures 7 to 9 include the rate of penetration of solutions of HCI,
HNO,, and H,SO,. Here again the buffer effect of the sap of dead

~
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Fi16. 8.—Rate of penetration of nitric acid into dead cells. Curves “ A’ show the pH when CO; is present,
curves “ B’ when it isremoved. Ordinates represent pH values of the sap, absciss® the time in minutes.

cells is seen, with-free CO, (Curve “A”) and without CO, (Curve

“B”). The pH of living cells is 6.4, whereas that of dead cells is
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116. 9.—Rate of penetration of sulphuric acid into dead colls. Curves “A” show the pH when CO; is
present, curves “B” when CO;isremoved. The ordinatesrepresent the pH values, the abscissz the time
in minutes. :

8.6. The buffer effect in dead cells is in the carbonic acid-bicarbonate
range (approximately 8.0), and continues until, as the bicarbonate-
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carbonic acid transformation approaches completion, the acidity of
the sap increases more rapidly.

The rate of penetration into those plants which had been boiled
is, in some cases, faster than that into transparent plants, and these
acids cause an immediate liberation of CO, in large quantities.

Taking into consideration the differences in the initial amount of
combined CO,, and the ratio, Paroomi 8¢ ¢ jjiing ang dead cells,
it is difficult to draw exact conclusions as to the rate of penetration
of acids. But in general it appears that HCI penetrates more slowly

pH
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Fi16. 10.—Rate of penetration of citric'and tartaric acids into dead cells. Curves “A” represent pH values
when CO: is present, curves “B”’ when COs has been removed. Ordinates represent pH values,absciss®

the time in minutes. :
into dead than into living plants, and still slower into transparent
(i.e., naturally dead) plants. In the case of nitric acid, penetration
is about as rapid in dead as in living plants. In the case of sul-
phuric acid, on the other hand, penetration is more rapid in both
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kinds of dead plants than in living plants. As some of the curves
were too long to be included in the graphs, dotted lines indicate the
time interval elapsing.

Penetration of these three acids is of interest on account of the
relative concentration of their anions in the sap of living Valonia.
Here most of the salts are in the form of chlorides (12); the concen-

pH

. 4 A B
Mono-CHLOR. .. O ..®

Di-CHLOR, ..... X ..Q
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FiG. 11.—Rate of penetration of chloracetic acids into dead cells. Curves “A” show the pH values when
CO:is prasent, curves ““B’’ when CO; has been removed. Ordinates represent the pH values of thesap,
abscissx indicate the time in minutes.

tration of nitrates is greater than in sea water, but there is no sulphate

in living plants (15). When plants die, SO, enters readily. It seems

as if the same mechanism which regulates the presence or absence of

these anions in living cells also regulates the penetration of the

anions of these acids. Thus, in living plants HCl and HNO, enter

at about the same rate, whereas the rate of penetration of H,SO, is
47738°—23——2
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much slower. In dead plants HNO, enters at the same rate as in
living plants; HCI is slower than in living plants, and H,SO, is much
more rapid than in living plants. The importance of diffusion con-

pH 9
9- L
8 .
8 i
A B Aceric.....0
Benzorc ... .. ; 7 -
O ..X 7 Burvyric....x
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Fra. 12.—Rateof penetration of benzoicand salicylicacidsinto Fie. 13—Rate of penetration of
deadcells. Curves“A”showthepH values of the sap when aeetic and butyric acids into dead
O0; is present, curves *B”’ the values when TO; has been cells. The srdinatesrapresent the
removed. Qrdinates represent the pH values of the saps pH values of the sap, and the ab-
abscisse the time in minutes. scisse show the timein minuates.

stants of acids and of salt effect is explained by Loeb (18), and must
of necessity hawve considerable bearing upon the explanation of these
results.
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Citric and tartaric acids enter much more rapidly into dead than
into living plants. The curves for transparent and for boiled plants
were the same, and, hence, only one set is indicated in the figures.
(Fig. 10.)

The rates of penetration of the chloracetic acids into dead cells
differ from those observed for living cells. In the case of tri-
chloracetic acid the rate of penetration into dead plants greatly
exceeds that into living plants; «di-chloracetic acid penetrates some-
what more rapidly; and mono-chloracetic differs little in rate. The
three acids which penetrate living plants at widely different rates,
besides differing in the amount of CO, liberated (Fig. 5), now pene-
trate at comparable rates and differ only moderately in the amount
of CO, liberated (Fig. 11). There is no difference in the rate of
penetration of any of these acids into boiled and transparent plants.
- Figure 12 shows the results with salicylic and benzoic acids. The
results for boiled and for transparent plants were identical. A small
amount of CO, is liberated by both these acids; and in this respect
the behavior of benzoic acid differs in its effects on living and dead
plants, no CO, being liberated in the former case. This difference
prevents exact comparison of the permeability of the cells to benzoic
acid in the two cases, but it appears to be much greater in the case
of living cells. Salicylic acid seems to penetrate living and dead
cells at about the same rate. '

In the case of acetic and butyric acids (Fig. 13) no liberation of
CO, was noted. This is true for both boiled and transparent plants,
the curves of which are identical. The rate of penetration of these
two acids seems to be about the same in living and in dead plants.

DISCUSSION.

The methods here recorded have enabled the writer to determine
the rate of penetration of various acids from moment to moment
during the entire process, and to show that this is not a simple or
orderly process. The data show that it is not sufficient to adopt an
arbitrary pH interval by which to measure the rate of penetration,
as previous writers have done. In studying the penetration of acids
into plants the reactions produced within the cell by each acid must
be considered. It is evident that the liberation of CO, from the
bicarbonates is a process which plays an important part in the case
of some acids. - After the bicarbonates are used up, the acidity imme-
diately increases, showing that the presence of bicarbonates is very
efficient in maintaining the pH above 5.0. The value of this device
as a protection against destruction is apparent. This process occurs
in the case of certain acids only and is absent in others.

The significance of the rate of production of CO, is as follows:
Where a great amount of CO, accumulates slowly, it may be supposed
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that the bicarbonates are being decomposed in the same way that
they are decomposed by mineral acids when they are mixed tn vitro;
where a smaller amount of CO, is indicated, it may be surmised that
there is some effect acting secondarily to retard or prevent the libera~
tion of CO,, or to prevent the decomposition of bicarbonates by the
entering acid. While acids producing the last type of action are able
to decompose bicarbonates in viiro, they apparently do not do so in
the living cell. They must thereforeso alter the nature of the eell as
to produce this phenomenon, or they may suffer some displacement of
the equilibrium between the dissociated, normal, and “‘aci-forms”’ of
the pseudo acid, such as might be produced through the sgency of the
protoplasm; or they may accumulate in a phase in which bicarbonate
is absent. Thus they are seen to produce in the cell, effects not pro-
duced by acids of the first elass; they are also far more toxic, as evi-
denced by tests of subsequent viability. The decomposition of a con-
siderable portion of the bicarbonates does not appear to be excessively
injurious. Only when, for some reason, this reaction is absent, does
the extreme toxicity of the acid exhibit itself.-

In thee. studies it is assumed that changes of the pH of the sap are
due to penetration of both ions of the acid rather than to exosmosis
of ions from the interior. It would undoubtedly be very desirable
to verify this assumption by chemical analysis of the sap; but, un-
fortunately, it is seldom possible to do this, especially in the case of
strong acids, because these are applied in concentrations which are
below the limits for successful quantitative analysis. In the case of
chlorides the results would be masked by overwhelming amounts of
chlorides already present in the sap.

However, in two cases which have been observed by the writer,
there is direct evidence of the penetration of the acid used. In the case
of cells which have been in butyric acid solution, there is an unmis-
takable odor of butyric acid in the sap when it is expressed. The
butyrate ion has therefore penetrated through the protoplasm and
cell wall into the sap.

The penetration of arsenic from solutions of arsenic acid may be
proved by analysis. There is normally almost no arsenic in the cell
sap, and the Gutzeit method of arsenic analysis is delicate enough to
detect the minute quantities (a few micromilligrams) of arsenic enter-
ing. Rough calculations show a surprising agreement between the
change of pH calculated from the observed arsenic content (by as-
suming that it is in the form of arsenic acid) and the change of pH
observed.

It is therefore to be presumed that the other acids used produce
their effects upon the pH of the cell sap by penetration of both ions of
the acid, and not by inducing any exosmosis of basic substances.
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These considerations can not be applied to cells which have become
moribynd under the influence of the acid.

The acids studied could be separated into two distinct groups—those
which caused a liberation of CO, from bicarbonates and those which
did not.

The first class included hydrochlorie, nitric, sulphurie, arsenic,
phiosphoric, oxalic, citric, tartaric, and mono-, di-, and tri- chloracetic
acids. Neither rate of penetration nor toxicity of these acids can be
correlated with their percentage dissociation, partition coefficients,
or surface tension effects as has been pointed out by Harvey (3).
However, they all reacted upon the bicarbonates of the cell. That
living protoplasm is not the only factor controlling the rate of
penetration of these acids is seen by reference to the experiments on
dead plants.

The acids of the first class are all more or less strongly dissociated.
In strong contrast with these acids are those of the second class.
They include the very weak acids—acetic, butyric, and benzoic,
besides salicylic, which is the strongest of this group. Failure to
show liberation of CO, in living plants characterizes all except sali-
cylic, which produces only a very small amount. In dead plants
both salicylic and benzoic acids liberate small amounts of CO,.

Decomposition of bicarbonates may be said to be at least partly
dependent upon percentage dissociation of the acid. (It is supposed
that dissociation of acids is approximately the same when they are dis-
solved in sea water as in distilled water, but figures are not available.)
This is illustrated broadly by the action of the strong acids as compared
with that of the weak ones. The behavior of the chloracetic acids
show that this is not the only factor determining the rate of penetra-
tion. Neither is the pseudo-acid character of acids of the second class
alone able to explain all the facts. Chemical union with protoplasm,
salt effects, lipoid solubility, partition coefficients, and so on must be
considered before the nature of penetration of acids is entirely under-

stood.
SUMMARY.

The penetration of several acids of different types through the cell
wall and protoplasm into the cell sap of Valonia ventricosa has been
studied.

1. Combined carbon dioxide (bicarbonate) present in the cell sap
before exposure of the cells to the acid solution was found to exert a
marked effect on the apparent rate of change of pH of the cell sap,
which does not fall below pH 5.2 until the bicarbonate has all been
displaced by the entering acid. ’

This factor, which probably affects protoplasm itself, has heretofore
been entirely neglected.
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2. The acids studied may be divided into two groups, the acids of
one of which liberated CO, and appeared to penetrate more slowly than
they actually do. This group includes hydrochloric, nitric, sulphuric,
arsenic, phosphoric, oxalic, citric, tartaric, and mono-, di-, and tri-
chloracetic acids.

The second group of acids includes acetic, salicylic, butyric, and
benzoic acids, which are unable to replace CO, (except very slightly
in the case of salicylic acid) and penetrate with great rapidity.

3. Evidence is submitted to show that living protoplasm is not the
only agency regulating the rate of penetration of acids, since dead cells
behave somewhat like those which are alive.
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the courtesies afforded by the Miami Aquarium Association, where
this work was done, and in expressing much gratitude to the authori-
ties of the Carnegie Institution of Washington, D. C., who made
arrangements for collecting plants.
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STUDIES ON THE PERMEABILITY OF LIVING AND DEAD CELLS.
IL OBSERVATIONS ON THE PENETRATION OF ALKALI BICARBONATES
INTO LIVING AND DEAD CELLS

MATILDA MOLDENHAUER Bnooxs AsshtantB ol Division of Pharmacol Hyglenic Iabomtory
By Mamtoa Dited Btates Public Hesith Servics. 083,

In the previous paper, dealing with the effects of acids upon the
protoplasm of living and dead cells, carbonic acid was not included
because of the characteristic changes which it produces in the cell-
sap of Valonia. In the case of other acids therg is a progressive
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increase in the acidity of the sap until its pH is equal to that of the
solution in which the plants are immersed, whereas in the case of
carbonic acid the increase in acidity is only temporary and is fol-
lowed by a progressive increase of alkalinity. It was thought of
integest to study the pH of the cell sap of Valonia when it is immersed
in a solution containing carbonic acid or its salts.

Among the acids used, carbonicacid is peculiar in yielding alkah metal
salts capable of hydrolytic dissociation which thus furnish an oppor-
tunity for studying the penetration of their two ions separately, and for
determining whether either of them affects the permeability of proto-
plasm to other ions. Carbonic acid is also normally present in the cell.

A description of the method used for determining the pH of the
sap of Valonia was given in the preceding paper and will not be re-
peated here. Suffice it to say that two sets of pH determinations
were made—one set upon freshly extracted sap containing all its
free CO,, and the other set upon the same samples of sap after the
CO, had been removed by aeration with CO,-free air.

Immersion of normal cells in acids such as HCl and HNO, lowers the
PH of the sap to about 5.2, at which point the acidity remains fixed
for a considerable time, only ultimately going on to a higher acidity
and death. The curves representing as a function of time the pH of
the sap of cells placed in these acids, show a general tendency to
“flatten out” at a pH of 5.2. This is probably due to a steady
decomposition of bicarbonates with liberation of CO,, but other sub-
stances which have a buffer action at pH 5.2 may play a part. The
buffer effect of the bicarbonate-carbonic acid system lies at a pH
between 7.0 and 8.0 when the system is in equilibrium with ordinary
air, but increased CO, tension would cause this range to lie at a lower
pH. If the intracellular CO, tension were raised to that of air con-
taining about 3 to 5 per cent of CO,, the pH of the buffer range would
be about that actually observed (5.2). At this pH an accumulation
of acid would therefore be needed before further change in reaction
occurred. Even when sea water is saturated at atmospheric pressure
with CO, so that its pH becomes 5.4, the pH of cell sap of plants
placed in this solution does not exceed 5.2.

There is undoubtedly a balance between the production of respira-
tory CO, and its escape from the cell; and under ordinary conditions
this mobile equilibrium keeps the H-ion concentration of the sap
approximately constant. There seems to be an intracellular CO,
tension normal for Valonia and responsible for the observed djﬂ'erences
between the pH of sap with and without free CO,. These differences
are normally about 0.6 of a pH unit (6.2 to 6.8). When the balance
is upset, changes in the permeability of the protoplasm or alterations
in the distribution of ions between the sap and protoplasm take place.
This is nicely illustrated in the following simple experiment: By
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allowing cells to remiain in sea water c¢ontaining encugh CO, to
produce a pH of 6.8 to 7.0, an abnormally large amount of CO, was
made to sccumnulate in the sap, which becams acid, sttaining s pH
of 52 to 5.3. After a time the pH of the sap when free CO, was
removed began to increase in spite of the fact that the cells wege in
a solution the pH of which was 7.0 until the alkalinity approached
pH 8.0 in three hours.

Observations on the effects of sodium and potassium bicarbonates
dissolved in sea water, upon the pH of the cell sap show that, as in
the case of sea water containing free CO,, there is at first a rapid
incresse of acidity and of free CO, in the sap. After a time the acidity
decreases gradually and the pH finally approaches aor even exceeds
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F16. 1.—Rate of penetration of frea CO: into the cell sap of Valonie from solutions of sea water containing
either free CO, alone or KHCO; or NaHCO; (0.63 M) (curves “A'). Curves ‘“B’”’ shew the changes in
aikalinity of the sap. The ondinates represent the pE values, the abscissae the time in minutes.

that at the beginning of the experiment. This is connected with an
increased alkalinity of the CO,-free sap, which begins immediately
and proceeds until the pH approaches that of the external solution
when the latter is freed from CO, (9.0 to 9.2). The eurves in Figure
1 show the effects of placing Valonia in selutions consisting of 200 c. .
of sea water containing KHCO,, 0.03 M, NaHCO, in the same molecu~
lar concentration, or enough free CO, to produce a pH of 6.8 to 7.0.
The pH of the potassium and sodium solutions was about 7.9 in sea
water. When freed from €O, their pH was 9.0 to 9.2. Curves “A"
show the pH of the sap before and curves “B’* after the free CO, has
been removed. The concentration of the €O, in the cell sap is
increased most rapidly when the cells are placed in solutions contain-
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ing CO, only, but the data representing penetration of CO, and other
ions from such a solution are not quantitatively comparable to those
of the other curves (KHCO, and NaHCO,), inasmuch as CO, was
present in a much higher concentration. The curves for sodium and
potassium bicarbonate solutions are comparable, and show that CO,
penetrated more rapidly from the latter. Curves “B’ also show
differences in the rate of the changes producing alkalinity. Here
again the change is more rapid when KHCO; has been used than when
NaHCO, is present. Increased alkalinity might be due to substances
given off by the protoplasm, but is more probably due to entrance of
ions from the external solution.

The objection might be raised that this increase of alkalinity was
due not to entrance of bases but to exosmosis of acids presumably
other than carbonic. However, it is very improbable that carbonic
acid should displace any stronger acid, and anions of weaker acids
have not yet been found in the sap of Valonia.

In order to find direct evidence for the penetration of Li, LiCO,
(0.03 M) was added to séa water and enough CO, added to produce
a pH of 7.0; the sap of Valonia became pH 5.3 in a few minutes, and
the CO,free sap became alkaline gradually as in the case of Na and
K bicarbonates. When cells of Valonia were allowed to remain in
this solution for four hours, and their sap then collected and evapor-
ated nearly to dryness, it was not possible to demonstrate the pres-
ence of Li by spectroscopic analysis. This is of interest because in
the case of Nitella (1), a fresh-water alga, the writer found Li in the
sap of plants which had been in a 0.05 M solution for 24 hours. The
time element may account for this difference, but the penetration
of Li in the case of Nitella was much slower from a balanced solution
than from an unbalanced one. As the salts of balanced solutions
affect the penetration of other salts into living cells, it is possible
that the concentration of the salts of sea water in the case of Valonia
prevented the entrance of more than a trace of Li; whereas in the case of
Nitella the Li penetrated readily because of the low salt concentration
of the surrounding medium.

Then, too, the change in the pH of the CO,-free sap of Valonia was
from 6.6 to 8.0. If this increase in alkalinity were due entirely to the
penetration of Li compounds, its concentration could not be more
than about 1 10~* N. Since it was possible to detect solutions of
LiCl of 1X10~® but not 1x10™* N, it is quite probable that Li
entered the cell of Valonia, but in amounts too slight to be detected
by the spectroscope.

The length of survival of plants treated with the above solutions
was also determined. It was found that normal cells lived under
laboratory conditions in running sea water from 10 days to 1 month,
whereas most. of the plants which had been obviously injured during
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the process of experimentation cytolyzed before 10 days. Therefore,
cells which remained in good condition 10 days in sea water after
having been in the test solutions were considered not to have been
irreversibly injured. In all of the experiments represented in Figure

1, the pln.nts apparently suffered no permanent injury when allowed
to remain in the solutions one hour before being transferred to sea
water. All the cells survived at least 10 days and some almost 1
month.

Some of the plants which had been in the bicarbonate solutions
for one hour and were then transferred to sea water, were tested after
six days to determine whether the sap still had the same pH that it
had when the cells were replaced in sea water. It was found that
the pH had returned to normal. This appears to have been due to
an exosmosis of ions, but a study of this point has been left for future
investigation.

It was thought that perhaps the pH 8.0 was responsible for the rapid
entrance of basic ions in the case of K and Na bicarbonates rather
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Fi16. 2.—Rate of penetration of free COs into the sap of dead cells (curve “A”) and the basicity of the sap
when the free CO. has besn removed (curve “B’’).

than pH 7.0, that of sea water containing CO,. For this reason, to
the solutlons containing K and Na-bicarbonates CO, was added
until pH 7.0 was obtamed. The results were as follows: Cell-sap of
plants attained a pH of 5.2 (with CO,) and a gradual alkalinity of the
CO,-free sap which was slower in rate of attaining a higher alkalinity
than when pH 8.0 was used. It would seem from these data that
much CO, present hinders the entrance of basic ions into the interior
of the cell, or that a more alkaline reaction of the surroundmg medmm
is more favorable to the entrance of certain basic ions.

Figure 2 shows' the effects of placing dead cells in sea water con-
taining CO, and having a pH of 6.8 to 7.0. The pH of the sap,
which was originally 8.6, drops to 7.4 in 30 minutes (curve “A”).
When the CO, is removed, it is found that the sap has a pH of 8.8
(which is the same as that of the surrounding medium without ‘CO,).
Its basicity is unaltered (curve “B”). Therefore, the initial increase
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in the acidity of the cell sap of living plants above that of the sur-
rounding medium, observed under the same conditions, is due to
some property inherent in the living condition.

When dead cells are placed in a solution of KHCO, or NaHCO, of
the same concentration used for living cells, the pH of the sap (con-
taining free CO,) becomes that of the surrounding solution (7.8).
When the CO, has been removed, the pH of the sap is 8.8 to 9.0 (that
of the surrounding medium without CO,). This process is similar to
that which occurs in the case of dead cells placed in sea water con-
taining CO, (Fig. 2).

When living cells are placed in any of the sea-water solutions con-
taining CO, or bicarbonates, there is apparently a membrane hydroly-
sis which results in the penetration of H,CO,, to which protoplasm is
easily permeable, in advance of KOH or NaOH, which are retarded

_presumably by the cation. Subsequent slow penetration of these
alkalies brings the pH of the cell sap to that which it would have
become had the salt itself penetrated as such.

In the case of dead cells, the fact that the H-ion concentration of
the sap never exceeds that of the surrounding solution may be due
to the fact that basic ions can penetrate freely into dead cells, so that
no membrane hydrolysis occurs; or it might possibly be due in part
to the fact that there is more available base present in the sap of
dead cells than in that of living cells; since the amounts of acid
which must be added to sap from living and dead cells to produce a
given change of the pH is less in the case of the former than in the
latter.

Jacobs (2) noted the increased acidity produced in cells exposed to
solutions containing CO,, but failed to detect such a change in cells
placed in solutions not enriched with free CO,. He used three solu-
tions, one containing free CO, in distilled water, one containing free
CO, in a 0.5 M solution of NaHCO,, and one a 0.5 M solution of
NaHCO,. The cells used were the petals of Symphytum peregrinum,
which are blue when alkaline and pink when acid. When they were
placed in either of the first two solutions they became pink, but in
the third they turned gradually greenish. This latter reaction was
interpreted as being due to the action of alkali. In the experiments
of the writer, CO, penetrates from a solution of NaHCO; in sea water.

No free CO, had been added to this solution, but owing to the pres-
ence of bicarbonates, a certain amount of this was present. Evidently
the indicator of the plant used by Jacobs was not sensitive to changes
in pH over the whole necessary range and, therefore, under the con-
ditions just described, it gave no evidence of the penetration of the
acid. It would be of interest to know the pH range over which this
indicator is sensitive. In the experiments of the writer, the increased
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acidity due to penetration of CO, is followed by an increase of alka-
linity. Perhaps the green coloration of the petals of Symphytum
observed by Jacobs was also due to increased alkalinity following a
stage of increased acidity which was due to penetration of CO,, but
which was too slight to affect the color of the natural indicator.

It will be noted that the pH of CO,-free sap of living cells increased
in all the solutions in the above experiments. The question arises
as to whether the alkaline ions which are presumably responsible
for this effect are normally able to penetrate the cell or whether the
existence of abnormally high H or HCO, concentration in the cell
sap is capable of increasing the permeability of the cell to alkalies.

TaBLE I.—The effects of several anions upon the rate of change in pH of the CO,free
sap of Valonia when K and Na are used. i

[The pH of each solution is 6.8 to 7.0. All cells lived more than 10 days when transferred from these solu-
) tions to sea water.}

PH of COxfree sap after having been in solution indicated
length of time.
s . 10 20 40 8 | 12 3

Substance (.03 M) in sea water............ minutes. | minutes. | minutes. | minutes. | minutes.{ hours.
NAHCOS. .ccceaeiiececeiecencaccaannnanan 7.0 7.4 7.5 76 |cecaaen... 8.4
b 20 - (010 R 7.2 7.5 7.7 80 |cceea..... 8.8
Licarbonate. ....c.cceeiinniiaiineienceidfeiiaiaiiifiiiian. 7.4 7.7 8.0 |(..........
Nacitrate...occeeeieereceececeeacnaaens 6.8 6.8 7.2 7.2 |ceeeannans 7.4
Keitrate. ..occoeenmioiniiiiiiiiaaaana. 6.8 7.4 7.4 T4 ceeennaa.. 1.5
N8 ACOtAte. .. oceeneneaaaacccnencncnanns 6.8 6.8 6.8 6.6 ......... 6.6
Karetate . oooueeiomenniiiicnanieecannanas 6.8 6.8 6.8 7.2 ceeeaaa. 7.5
Nachloride. . ..ooeeeeeeeeennneeecennnennns X SO AU U 7.0 7.0
L~ s (13871 PR PR I, 7.2 7.2

To obtain more light on this subject, plants were placed in equi-
molecular solutions (0.03) of K and Na as follows: citrate, acetate
and chloride. Table I shows the results. In every case there is a
more rapid increasé in the degree of alkalinity in the CO,-free sap
in the case of K than of Na; but none of the substances studied
produces so great a degree of alkalinity as do the bicarbonates. It
seems, therefore, that the free CO, has some influence upon the rite
of penetration of these two substances. The fact that CO, pene-
trates the cell more rapidly from KHCO, containing solutions than
from those containing NaHCO, shows that under these conditions
the cation affects the permeability of the protoplasm to either itself
or to other ions. The same considerations show that the increase
in alkalinity of the CO,free sap may be due either to a selective
permeability of the protoplasm, to potassium ions, or to an effect of
the increased proportion of potassium upon the permeability of the
cell to incoming basic or outgoing acidic ions.
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Further experiments on cells placed in solutions of NaOH, KOH,
or NHOH in sea water do show that only the last is capable of
penetrating in an appreciable time. The pH of the solutions was
in each case 10.0 to 11.5. ,

These studies may be significant as clues to an explanation of the
excessive proportion of K over Na in the sap of Valonia. Further
experiments are in progress which may throw more light upon the
relative importance of the different ions affecting the permeability
of Valonia. _

SUMMARY.

Living cells of Valonia veniricosa are exceedingly permeable to
carbonic acid. When they are placed in sea water containing alkali
bicarbonates, 8 membrane hydrolysis occurs, carbonic acid entering
the cell rapidly. At the same time there is an increase in the alka-
linity of sap freed from CO,, presumably due to the penetration of
alkali ions. The addition of KHCO, to sea water makes both the
entrance of carbonic acid and the increase in alkalinity more rapid
than does the addition of NaHCO,. The potassium ion therefore
affects the permeability of the protoplasm to the potassium ion or
to other ions. These processes do not occur in dead plants.

Other anions studied, citrate, acetate, and chloride, do not produce
so great an inerease in the alkalinity of the CO,-free sap, but also
shoew the greater influence of the K-ion over Na in producing this
alkalinity.
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this work was done, and in expressing much gratitude to the authori-
ties of the Carnegie Institution of Washington, D. C., who made
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INCIDENCE OF VENEREAL DISEASES AMONG AMERICAN
SEAMEN IN THE ORIENT.

By M. R. KiNg, Assistant Surgeon, Uniud States Public Health Service.

Opportunity for the study of health conditions among American
seamen in the Orient is especially favorable in the port of Manila,
P. L, sinee this is the only station whieh furnishes both out-patient
and hospital relief in this region. The out-patient relief station is
maintained as an integral part of the quarantine office, whereas
patients needing hospital care are sent to St. Paul’s Hospital in Manila,
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which is under contract to care for beneficiaries of the Public Health
Service.

Of all disabilities encountered in the station of Manila, P. I
venereal diseases predominate. Approxnmst.ely one patient out of
every three who reports for treatment, is afflicted with venereal
disease.! The out,-patlent record cards on file show a total of 1,246
patients treated for various disabilities during the period October 23,
1920, to February 12, 1923, 36 per cent of whom were treated for
venereal diseases. The in-pat.ient cards show a total of 526 patients
sent to the hospital during the above period, 30.4 per cent of whom
were hospitalized for venereal diseases. .

The number of days spent in the hospital for various disabilities
was found to be greater for venereal diseases than for any other class
of disability. All patients sent to.the hospital during the period
considered above consumed a total of 9,306 hospital days, 41.28 per
cent of which were spent for venereal diseases. The accompanying
table and graph, illustrating the relation of the above figures, are
self-explanatory.

Percentage of total cases admitted to hos and of hospital sonaccounto various
/ clasammm{a P“ dey 4

}g‘“g:;' Number | Percent- | Percent-

Disability. admittea| O d8ys | ageof | ageof

hosgul hospital.| cases. days.
HOrNIA. ..ccoeeeeienriereeecerecccccecncccccane 1 304 2.09 %14
DODGUS .« .omeenennennanranannaneanannas 16 147 3.04 1.58
Nervous diseases (including insanity). . 17 448 323 4.81
Rbeumatism........... 18 313 3.42 4.01
Skin diseases........... 2 348 3.80 3.7
Alcohol poisoning...... 25 272 4.75 2.92
Gastro-in di 45 722 8.56 7.7
Injuries. .....ccccenne.n 61 966 11.60 10.38
Diseases of the chest. . 63 817 11.98 8.78
Other diseases (unclssmﬂed 20 1,067 17.11 11.47
Venereal diSeAses.......cceceeneeceeccceccecceccccccccconcannns 160 3,842 30. 41.28
Total...cccceeneeneocectionccccccencccscccccccccecncocannn 526 9,306 | 100.00 100. 00

One noteworthy factor is the greater percentage of chancroidal
disease at this station as compared with this type of venereal dis-
ease reported in continental United States. Although the majority
of cases of venereal ulcers were subjected to a Wassermann reaction,
undoubtedly some errors in diagnosis have been made, owing to the
early stage of most of the cases. However, even if considerable
allowance is made for mistakes in diagnosis between syphilis and
chaneroid, the greater prevalence of the latter is marked. The
annual report of the Surgeon General of the United States Public

1 Venereal diseases constitute one-third of all cases of disease among sailors in the port of Hamburg,
Germany, according to the returns of the Hamburg port medical officer (PuBLICc HEALTH REPORTS, May 235,
1923, p. 1141).—Editor.
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Health Service for the fiscal year 1922 shows that the reports of cases
of venereal diseases received from the State boards of health totaled
333,718 for the year ended June 30, 1922, of which number 2.68 per
cent were chancroid, 51.18 per cent syphilis, and 45.80 per cent gonor-
rhea. Out of the total of 606 venereal cases considered here, 30.37
per cent were chancroid, 12.38 per cent syphilis, and 57.27 per cent
gonorrhea. A comparison of these figures shows 27.69 per hundred
more cases of chancroid and 38.80 per hundred fewer cases of syphilis
in this district.

One of the main causes of ‘the increase in the number of venereal
disease cases among American seamen is the unrestricted and marked
prevalence of prostitution in many of the seaport cities of the Orient.
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Graphic representation of percentage of total cases and hospital days due to various classified disabilities.

The majority of our patients have acquired their infection in Japa-
nese and Chinese seaports, and by the time Manila is reached the dis-
ease has secured a firm foothold and is acute and virulent in nature,
with frequent complications. By direct inquiry it was learned that
solicitation is practiced on the streets in the cities of the Orient;
also that it is not an unusual thing for & rickshaw man, on his own
initiative, to carry & stranger to a house of ill repute when out sight~
seeing. Many of the seamen confessed to being intoxicated at
time of infection. The prevalence of chancroidal disease may be
associated with greater personal fithiness in oriental ports. Chaa-
croid is more essily prevented by simple cleanliness than gonorrhea
or syphilis. The fact that many of the cases run a very severe
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course may be due not only to the lack of care at the onset of
the dlsease, but also to the increase in virulence that the organisms
acquire by transmission from one host to another of different races.

No specific remedy for the above situation seems to be at hand.
Education of seamen as to the danger present in this region and to the
value of proper and early prophylactic measures are essential. Many
of our cases give a history of having been infected on one or more
previous occasions, and so the lesson learned from the first infection

seems to be of little value.

DEATH RATES IN A GROUP OF INSURED PERSONS.

COMPARISON OF DEATH RATES FOR PRINCIPAL CAUSES, MARCH AND APRIL, 1923, AND
APRIL AND YEAR, 1922.

The accompanying table is taken from the Statistical Bulletin of
the Metropolitan Life Insurance Co. for May, 1923, and presents the
mortality experience of the industrial department of the company
for the months of March and April, 1923, and April and year, 1922.
The rates are based on a strength of approximately 14,500,000
insured persons.

The gross death rate for April (10.1 per 1,000) in this group of per-
sons shows a seasonal decline from the rate for March (12 per 1,000),
but was slightly higher than the rate for April of 1922 (9.7 per 1,000).
The largest declines from rates for the previous month are shown for
influenza, tuberculosis, pneumonia and other respiratory diseases,
and organic diseases of the heart. High death rates still obtained
for measles and whooping cough. The widespread prevalence of
measles gives that disease a prominent place in the morbidity record
so far this year.

Death rates (annual basis) for principal causes of death 100,000 lives exposed, March
¢ and Apnp? 1923, and April and ypc;rr, 1922 pos

Death rate per 100,000 lives exposed.
Cause of death.
- April, 1923. | March,1923.{ April, 1822. | Year 1922.1
Total, A1l CAUSES. « e cueeverecaracocaasacaccccenenns 1,008.4 ] 1,199.4 969. 4 $71.2
hoid fever......cooceeeicicaeniennnecnnans aeae 3.9 3.3 3.6 5.6
les......... - 12.5 -13.6 7.6 4.3
Scarlet fever.. 6.5 6.9 5.9 4.8
‘Whoopi coug 6.8 7.3 2.1 2.6
Dight eria. ..... 12.3 18.2 12.7 17.8
.................................... .ee 47.7 100. 4 4.1 21.5
Tuberculosis (all forms)......cccveeieenenan FO 119.0 124.2 124.8 113.4
Tuberculosis of respiratory system. . 109.0 114.8 113.9 102.9
Caneer ................ 74.6 74.2 66.8 7.5
Diabetes mellitus. ... 213 22.0 ® 17.0
Cerebrzl hemorrhag 65.9 72.9 66.8 62.4
c diseases of heart. . 139.3 174.6 142.3 126.0
Pneumonia (811 forms). .....ccceeeeueencnceececccecaanan 108.2 164.3 102.4 73.3
Other respiratory diseases ceeeeeeeeeenenes 18.7 2.8 15.0 13.6
Diarrhea and enteritis............... . 8.7 5.2 5.6 10.7
Bright’s disease (chronic nephritis)..................... 78.3 83.2 74.8 69.9
Pu F1 2. 7 18.0 19.1 18.3 18.9
Sulcides......cceeeennieniiiiniiectticctcanccrcocrccacas 7.0 7.0 9.0 7.4
HOMICIARS. . .ocovnienaennaeccnaeannsacnacccaccacascaaas 6.6 5.9 4.2 6.2
Other external eauses(excluding suicides and homicides) 55.1 54.6 45.0 51.7
Traumatism by automobile. ...........cceeeeeen.o. 11.0 7.8 8.8 13.5
Allothercauses. ........ceeeeeeeeececnnccaceccoacaanans '201.1 213.7 221.8 172.6

1 Based on provisional estimate of lives exposed to risk in 1622, 3 Not available.
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DEATHS DURING WEEK ENDED JUNE 16, 1923.

Summary of information received by tcleéraph JSrom industrial insurance companies for
week ended June 16, 1923, and corresponding week of 1922. (From the Weekly Health
Index, June 19, 1923, issued by the Bureau of the Census, Department of Commerce.)

Tune 16,1029 Cweeks 1052
Policiesin force.........coeeieeeieacnnennncennnnnn. ... 49,178,986 50,058, 107
Number of death claims. ......coooeeeieiaaiiiaiiia.. . 9, 632 8, 289
Death claims per 1,000 policies in force, annual rate..... . 10.2 8.6

Deaths from all causes in certain large cties o th/ the United States during the week ended
June 16, 1923, m fant mortality, annual death rate, and comparison with corresponding
week of 1922. ' (From the Weel‘ly Health Index, June 19, 1928, tssued by the Bureau of

the Census, Departﬂwnt of Commerce.)

Week ended | Apnual | Deathsunder

June 16,1923. death 1 year. 1,:::.'_"

mlteml')mr tality

2Ny rate

City. corre | Week | Corre- | week

Total | Death |sponding | ended |sponding | ended
deaths.| rate.! | week, {Junel6,| week, (June 16,

1922. 1923. 1922. 1923.2
6,298 11.3 11.4 805 762 |........
2 6.8 7.5 3 5 36
22 9.8 12.6 2 4 4“4
82 19.2 13.7 14 ...,
193 13.0 13.5 P14 26 79
68 18.1 16.4 7 [ 3 RN
187 12.7 14.0 27 19 77
26 9.4 1.3 2 4 28
13 1.0 3 24 19 101
29 13.6 5 4 89
21 8.8 1 2 17
582 10.5 69 ...
115 14.8 15 12 9
148 87 21 25 58
57 11. 4 5 4 52
39 1.5 10 L 3 R,
34 10.7 5 1 ‘82
76 14.6 8 [ P,

3 12.2 b2 R S
233 12.2 43 30 86
17 8.3 [1 2 0
2 10.2 2 4 41
30 12.9 9 3 128
] 10.6 [ 31 P 119

31 11.2 11.4 8 3.,
2 9.6 80 3 3 47
29 9.8 15.3 4 1l.......
& 13.2 10.7 13 10 100
36 18.8 18.7 3 1.
24 10.8 8.7 2 2 46

81 12.0 15.0 9 10 (........
180 14.1 15.8 25 20 94
63 12.7 11.0 9 6 97
33 15.0 6.4 2 5 35
38 1.7 22.4 5 [ 3 PO
104 11.2 &3 13 12 65
68 87 9.8 6 7 3

29| 12.5 11.7 7 [ P
26 10.4 11.0 3 8 47
29 8.7 83 5 2 65
126 16.2 17.9 16 9l ......
1,166 10.3 11.2 138 164 55
126 7.8 10.1 4 13 14
391 9.5 9.5 43 58 51
537 12.4 13.4 76 78 74
74 7.2 9.1 5 14 b4
38 15.5 16.3 5 1 9

1 Annual rate 1,000 population.
2 Deaths unde;wir year ;?upl 000 births—an annual rate based on deaths under 1 h?at for the week and

estimated births for 1922. Cities left blank are not in the registration area for birt|
3 Deaths for week ended Friday,June 15, 1923,

47738°—23—3
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Deaths from all cruses in ccrtown large cities of the Uculcd States the tweek ended
June 16, 1923, m ant mortality, annual death rate, and comparison corresponding
week of 1922, { From the Weekly Health Index, June 19, 1928, issued by the Bureau oj
the Census, Departmmt of Commeree,)—Continued.

Weekended | Apnnual | Deathsunder | 1ngan
June 16,1923. death 1 year. mo,.t
rate per tality
City. - 1,000, rate,
Total | Death |spondin wgeeckl poadil ended
en ] ng
deaths.{ rate. week, € June 1] week, (fune 16,
1922, 1923. . | 1988,
-] .9 10.5 17 ] 80
2 82 9.2 7 5 13
4“® 9.6 89 4 1 51
32 8.2 15.3 (] 7 0
38§ 127 18.2 4 4 64
430| 1.7 1.6 37 49 48
19| 138 1.3 o4 16 o4
58 10.7 9.5 5 3 51
6| 136 10.8 5 10 41
61 17.6 12.3 13 6 150
66| 10.8 9.4 8 6 63
170| 1.0 1.8 12 11 f........
49| 10.6 9.6 5 10 46
35 14.5 10.5 6 4 98
40 1IL3 jeeeunnnn.. | 3 RN I,
112 10.8 1.8 6 14 36
5 2.1 9.3 3 3 P4
24| 120 120 1 1] 22
36| 130 7.1 3 1 43
41 1.6 13.0 5 7 65
23 1L 8 {.......... 2{eeneenn.s 80
551 10.7| 9.8 i3 9 181
33| 1S 13.3 8 1 102
)ve 86§......... E Dieeennnn.. . L]
24 1.8 122 u 12 (-]
B8] 103 10.4 3 3 4
E<} 20 9.4 ] 8 7
15 7.3 30.4 51 2 108
] e L6 [ i [

1 Deaths for week ended Friday Juns 15, 1923.



PREVALENCE OF DISEASE.

No health department, State or local, can effectively prevent or contrul disease without
knowledge of when, where, and under what conditions cases are occurring.

UNITED STATES.

CURRENT STATE SUMMARIES.

These reports are preliminary, and the figures are subject to change when later returns are received by

the State health officers.

Reports for Week Ended June 23, 1923.

Typhoid fever......
‘Whooping cough. ..

Scarlet fever.................
Typhoid fever

Diphtheria. ........
Hookworm disease. .

CALIFORNIA.

Cerebrospinal meningitis—Redding............ 1
Diphtheria

Rabies in man—Los Angeles
Scarlet fever.

COLORADO.

ChicKen POX....cccueeenrecnsccnccaecaacoccnccs

Mumps.
Pneumonia (lobar). ..
Scarlet fever..........

(1483)
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CONNECTICUT—O0ontinued.

2

1

8

20

1

32

1

66

1

7

21

Chicken POX..ceeecnnaaacccanannns eeceeccans w 7

Diphtheria. ....... 3

Dysentery (amebic)...... 1

Dysentery (bacillary).... 7

Hookworm disease....... 20

Influenza.......... 7

Malaria......... 23

Measles......... 124

Mumps....... 5

Paeumonis. .. n

Scarlet fever..........cc.... 7

Septic sore throat. . 1

Smallpox.......... 9

Trachoma.........ccceeueee 1

Tuberculosis (pulmonary).. [}

Typhaid fever............. 2

Whooping cough. . «.coevunenenccnns deeeennn .16

ALLINOIS.
Cerebrospinal meningitis—Cook County....... 2
Diphtheria:

Cook County (including Chicago).......... 96

Scattering. ... .. 2%

Influema.................. ceceeneen ceeeeceees . 4
Lethargic encephalitis:

Grundy County.... . 1

La Salle County.... e 1

Poeumonis. ..........cccvaeaee ceeseerececeness 116

1 Week ended Friday.

ILLINOIS—continued.

Poliomyelitis:
Cumberland County

2E.

Diphtheria......




MARYLAND—continued.

MASSACHUSETTS.

Tuberculosis (all forms)...
Typhoid fever............
‘Whooping cough

‘Whooping cough

Poliomyelitis.
Scarlet fever..

Measles...

Pohomyehns

Diphtheria.......
Rocky Mountain spotted fever:

June 29, 1923,

MISSOURI.
(Exclusive of Kansas City.)

Typhoid fever............

NEW YORK.

(Exclusive of New Yerk City.)




June 29, 1923,

NEW YORK—coantinued.

1 Deaths.

‘Whooping cough.. ............ cesecnccccscccee
VIRGINIA.

Smallpox—Tazewell County........ccccc...

§
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13
10

1
2

4
]
16
32
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DISTRICT OF COLUMBIA.

148

7

Reports for Week Ended June 16, 1923.

NORTH DAKOTA.

June 29, 1923,

SUMMARY OF CASES REPORTED MONTHLY BY STATES.

The following summary of monthly State reports is published weekly and covers only those States
from which reports are received during the current week:

— 3 . -
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May, 1923.

Arizons .......ccoeeifoaenn.. 20 |eeeefeeaenns 163 68 6 8
Illinois. . 9| e8| 110 412,040 739 67 54
Indiana. 8| 162 19 |eeeen... 5,421 271 243 14
2 53 66 8| 5 12| ® 64
Maryland 1| 10 6 22| 4,419 68 |........ 35
...... 360 |........ 1| 8 1,130 91 3
i 5| 240 8........ 3,741 707 n7 21
New York. 27| 1,224 188 17| 13, 2,308 122
Rhode Island. . 3 56 [ 487 96 [........ 3
South Carolina 1 (C' RN 17 7 23 26

RECIPROCAL NOTIFICATION.

May, 1923.

Cases of communicable diseases referred during May, 1923, to other State health depart-
ments by departments of health of certain States. )

: . Lethar- Polio- =
 Stateretarred by. | DB | DI | B0, | Messtes. | mye- | SESV | Tiogt| Typeod
i ' alitis. litis. " :
2
2
......... ;
3
1
2
1
CITY REPORTS FOR WEEK ENDED JUNE 9, 1923.
ANTHRAX.
City. Cases. | Deaths.
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CITY REPORTS FOR WEEK ENDED JUNE 9, 1923—Continued.

CEREBROSPINAL MENINGITIS.

The column headed *Median for previous years” gives the median number of cases reported during
the corresponding week of the years 1915 and 1922, inclusive. In instances in which data for the full eight
years are inoomplete, the median is that for the number of years for which information is available.

" Week ended Week ended
gre ian)  June9, 1923. ;gr iani June 0, 1022,
City. vitl))us City. vigus
Years- | Cases, | Deaths. years. | Cases. | Deaths.
California: New York:
San Bernardino...... 0f.c...... 1 New York........... 7 2 1
Bridgeport........... 1 1 Cleveland............ 1 1 1
3‘8'11;::;‘ 2 1 k 0 1 1
Qcceepeccanaeas) & Mli....... )t FRUAGEIPNNS.........
Freeport............. [N PSR, 1 Pittsburgh........... (] 1 1
Maine: Texas:
Lewiston........ 0l........ - 2 Vi Waco....... ceeneaend [} PO 1
: r| :
Minneapolis. . 1 1 ond. .......... [} 1{..... .
Missouri:
N 8}]4008 ............ 1 2
“Harmison.............. of 1 1
Passaic........oc..-.. 0]........ 1
' DIPHTHERIA.

See p. 1494; also Current State summaries, p. 1483, and Monthly summaries by

Bates, p. 1487.

INFLUENZA.
Cases. Cases.
Deaths, Deaths,
weoek
City. Week | Week | ended City. Week | Week | ended
ended | ended | June9, ended | ended |June9,
June 10,{ June 9, | 1923. June 10,( June 9, | 1923.
1922, 1923 1922, 1923

ccrcpcenl

2

LXTTP TR

1

11




1489

CITY REPORTS FOR WEEK ENDED JUNE 9, 1923—Continued.
LEPROSY.

June 29, 1923,

Deaths.

cesceccecae

1
1
1
MALARIA.
City. Cases. | Deaths. City. Cases. | Deaths.
Alabama: - Now Jersey:
" Birmingham..... FURTURTRY R 1 East Orange............ . ) 1% PO

Houston.................

MEASLES.

u»»v—-&:-—n -3

N O
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CITY REPORTS FOR WEEK ENDED JUNE 9, 1923—Continued.
PNEUMONIA (ALL FORMS)—Continued.

City. Cases. | Deaths. City. Cases. | Deaths.

Distdt;tsgl Columbia: chhigan—Continued

Plulhpsburg .......

. Plamueld... FOTOU T
Trenton......... 2

West hew York. W I
New Mexico:

Albuquerque......

New York:

00 09 o b bt s i &

Benton Harbor...........



CITY REPORTS FOR WEEK ENDED JUNE 9, 1923—Continued.
PNEUMONIA (ALL FORMS)—Continued.
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June 29, 1923,

Cases. | Deaths,

City.

W80...ccovaennnnnnn covecfecnccceand

DR R = e e B8

POLIOMYELITIS (INFANTILE PARALYSIS).

The column headed ‘‘Median for previous years’” gives the median number of eases reported during
the corresponding week of the years 1915 to 1922, inclusive. Ininstancesin which data for the full eight
years are incomplete, the median is that for the number of years for which informatien is available.

‘Week ended Week ended
_ ‘lg:dim June 9, 1923. flgfd?: June 9, 1923.
City. vibus City. vius
years. | Cases. | Deaths. Years. | cases. | Deaths,
% tts: 1 om%; to .
[RAUUOTIURUTTRTN | D AU . oungstown.........,| 0|  If.......
New York: H
. Jamestown........... 0 ) N ST Houston............. 3}.......
New York............ 1 ... .
RABIES IN ANIMALS.
City. Cases. City. Cases.

SCARLET

FEVER.

See p. 1494; also Current State summaries, p. 1483, and Monthly summaries by

Btates, p. 1487.
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CITY REPORTS FOR WEEK ENDED JUNE 9, 1923—Continued.

SMALLPOX.

The column headed “Median for previous years” gives the median number of cases reported during
the correspcnding week of the years 1915 to 1922, inclusive. In instances in which data for the full eight
years are incomplete, the median is that for the number of years for which informaticn is available.

Week ended | Week endod
g:‘ﬂ;nl June9, 1823, || - ,‘::4',‘: June 9, 1923.
City. B et City. o b e
Montana:
3 1]eeeeee. Great Falls........... 2 2
New York:
1 1 Ni 0 1
0 1
0 3.
5 2 (1] 3
7 4 [1] 5|
(1} 1 . N
0 1
2 3 0 2
0 [] 1 1
0 3 1} 4
0 3 0 1
1 1 0 1
0 5
1 1 0 2
2 15
0 6 5 5
0 6 2 8
14 8 -
0 4 [}
........ 3
0 4 0
0 4 [1]
1 1 1
3 21 0
2 1 3
7 1 0
0 2 (1}
0
0 1 1
0
3
14
0 4
0 0
2l 9 0
32 2 0
-0 1 1
0
4 1 2
TETANUS.
City. Cases Deaths City. Cases. | Deaths.
1fo.c... ceee
1 1 ° 1
1 1 1

TUBERCULOSIS.
Sce p. 1491; also Current State summaries, p. 1483,
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CITY REPORTS FOR WEEK ENDED JUNE 9, 1923—Continued.

TYPHOID FEVER.

The column headed ‘‘Median for previous years” gives the median number of cases reported during
the corresponding week of the years 1915 to 1922, inclusive. In instances in which data for the full eight
years are incomplete, the median is that for the number of years for which information is available.

Week ended : Week ended
"gl?diﬂol_i June 9, 1923. gfgi? June 9, 1523.
City. vi(l:’l:s City. vious
years. | cgses. | Deaths. years. | cases. | Deaths.
3 ) 3 P, ) 3 PO,
[ 1 2 3
1 5 1 1
0 2 eeennne 1
1
0 ) B POURO 1.
2 5 2 ) 3 PPN
) B O
........ 1 15 f........
1 1 } 3 R,
‘White P ) 3 RO
1 |........ || North Carolina:
Durham

W N COCONOOSO COoCN- QOEO'—' HOOHO

- OO0k OOW Ok © W O © C©O OCNPRO WOW M

) I PO
2]....... .
PPPP 1f.......
0 1 1
] 1 1
1 1 ...... .
0 ) Y OO,
0f........ 1
1 b P
) ) PO,
TYPHUS FEVER.!
City. Cases. Deaths.
Georgias, Atlanta. ... .. ..o, cectccceccsccncnnes ) B O,
Maryland, Baltimore............ccooiiiiiimnniiaciiiinennannnn ceccsececcneaanns ) 35 OO

1 For week ended June 2, 1923,
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CITY REPORTS FOR WEEK ENDED.JUNE 9, 1923—Continued.
DIPHTHERIA, MEASLES, SCARLET FEVER, AND TUBERCULOSIS.

Scarlet Tuber-

Total Diphtheria.| Measles. over. culosis.
Popula- |deaths
ci- e | i g ' i
, 1920, ; | & 3 g .
cuses.| B 13| 5| 2|8 3|3
5} (=] o (=] ] (=] (5] (=]

BE8N
F3 33

‘reeport
Galesb
Jacksonville.. .

&
)
=)
&

SPINE

1t sk et
PR

£
ggEes

-y

S
I
8
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CITY REPORTS FOR WEEK ENDED JUNE 9,

DIPHTHERIA, MEA

1923—Continued.

SLES, SCARLET FEVER, AND TUBERCULOSIS—Continued.

FE R Sl | HEREE- [ :
e | SUIRQ Pl : . (R :
.m.m : HR .. H
28
hm L] u...““ .."”ll DN
“S988, M [ HE
o8R0 L RS Pl
T R T e H
- ‘syiLaq HE Poried A :
K= PR . PRI N Ve .o .
v O IR PRI I LRI .. .
> (K 0 v CECEE] 0 0 " .
m& HEL T Dol o -og we
‘s058) P : R T8
. “ee e . H Ce e e e e @ v .
g | swweq I HERE R R :
| 5590 2EE N ®img 2 ag ! igen~ geo g298K~
ol ;
K] HEE HEEE HEEE .
T | syeeq HER I HEEEE R A HEENEE :
h . . e . L I ] . . * e e e e .
M. TSI R HES :
-3 90580 : : : R HEIES HEEE RN S S :
= : “"u :

EE2X EE2RIRISABRAT2I22 wmm;mmmmm

#2823 } i3 g28828
EREEEEL EF R L EEES TS T S

833 8 254 wam&mm&m
BYIY g G494

EREEEENFE T

ie
73&

City.

eecesceccccccccnns
cececcsscscnssasnes
eetecscccecsroaas

Loulsville
Maine:

eeesescccccrencnan

mémm..............
UIOre..........ceoceeeee

wessccceccasencanas
sesescccctscscantane

Tllinois—Continued.
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CITY REPORTS FOR WEEK ENDED JUNE 9, 1923—Continued.
DIPHTHERIA, MEASLES, SCARLET FEVER, AND TUBERCULOSIS—Continued.

Diphtheria.| Measles, [ Scarlet | Tuber-

Popula- | deaths :
City. tion Jan. | from 5 - 5 -
1, 1920, all i % g g g é . é
il 8|2|8|3]d]3

]
&

B2BE8ES
S8ENSS

Minnesota:

2
2
Q

=558z

2% F3vAE

'08

8

REI
-4
o
©8

. Jose]
8t. Louis......... cecesencnad
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CITY REPORTS FOR WEEK ENDED JUNE 9, 1923—Continued.
DIPHTHERIA, MEASLES, SCARLET FEVER, AND TUBERCULOSIS—Continued.

Scarlet Tuber-
Diphtheria.| Measles. culosis,

Total fever.
.| Populs- |deaths
City. tion Jan. | from
1, 1920. all . .

E
Cases
Deaths.
Cases,
Deaths.
Cases,
Deaths.
Cases.
Deaths.

Atlantie City. .
Bayonne. .
Bloomfield
Clifton

N‘”Albu :
New Yorl
. Alban;

Buftalo.
Cohoes
Dunkirl
Geneva.
Hornell.
Hudson.
Ithaca.
Lackawanns
Little Falls 2?,
etown. 18,
42,
-

FEBRIERULES

Bepss
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CITY REPORYS POR WEEK ENDED JUNE 9, 1928—Continued:
DIPETHERIA, MBASLES, SCARLET FPRVER. AND TUBERCULOSIS—Contivned.

Scarlet Tuber-
Diphtheria.| Measles. fever, culosis,

Deaths
Cases.
Deaths.
Cases
Deaths.

S TR T i AU SR S B A, 1feeee ORI ST
z J

=

S,
BaENR

ewecccns -«
........... B R LT LT

------ lo oo ae “ceoe

ENNNEE RS

-

1h.....

frccncsfracccs

:
H
!

jeacces e at oo T R

(]
) SRR AN A
1 2
4

eed 1

....... feccecscfeoaneed

&t 10}....

§ S¥ BunS83RREIJeRENBUR

e aveeof

W = o B
!

sppansy ¥ ope wEEsnwepnwey

(BEEERPE

s
&

e o-v.0e o pccocofecccetessee.

L eee-f  1H.... N IO R [ Sy
u-—-vai......a ..... o o0 @ o

y cececcce
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CITY REPORTS FOR WEEK ENDED JUNE 9, 1923—Continued.
DIPHTHERIA, MEASLES, SCARLET PEVER, AND TUBERCULOSIS—Continued.

Diphtheria| Measles, | fcarlet | Tuber-

Total fever. .
City. tion Jan. | from .
1, 1920. all

Nagu—uwa—-t‘y—e

4




Tuber-

culosis.

efeccavelanccce

ceccorfarccarfercace
ccccefaroncsfarcace
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3
1 eeiiifeeecaddnnead

1300
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ccccsefencacslincace
ecsccclecnrvofuncane
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CITY REPORTS FOR- WEBK ENDED JUNE 9, 1938—Continved.

cedcccscetacccccecacnce

June 29, 1028,
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cecececccccarcanans
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FOREIGN AND INSULAR.

AUSTRIA.
Births and Deaths, 1910-1922.

_The figures given in the table below were furnished by the vital
statistics bureau of the city: of Vienna. They show very vividly
the effect of the World War on the birth and death rates in that city.

In 1915, the second year of the war, the -death rate increased con-
siderably, and it continued increasing with each new hardship and
privation of war until 1918, in which year it reached its highest
point, 51,497 deaths (as compared with 32,314 in 1913). In 1915
the number of births decreased to 31,686, and fell to 21,127 in 1918,
the year of the highest death rate.

Improvement of conditions was noted in 1919, the first post-war
year, with 40,932 deaths and 27,451 births. In 1921 the number of
births again exceeded the deaths as was also the case in 1922.

Among the causes of death, tuberculosis ranks first, with 11,531
deaths in 1918 (about 22 per cent of the total) and 5,552 deaths in
1922 (about 19 per cent of the total). Influenza, which raged in
many parts of the world in 1918, also added heavily to the extraor-
dinary death rate in Vienna in 1918.

In 1910 the population of Vienna was 2,031,498, as compared with
1, 841 326 in 1920. In 1916 the population was 2,220,511.

~ Births and deatlu in Vienna from 1910 to 1922.

Year. Deaths. | Births. " Year. Deaths. | Births.

23,310 48,660 [ 1017 eeeeeeeeeeaaaaaannn. 6,131 2,62
33,684 | 45154 || 1918............. teseomenan ...] 51,497 21,127
32,141 44,251 [1 1919, .. ...cencnnienninnnnnnnn. 40, 932 27,451
32,314 41,690 ] 1920...ccccucncieinincncnncnaan 34,197 30,780

. 83,28, 40,213 § 1921.....cccccincenncnncecens 28,297 31,747
37,018 31,686 || 1922.....cccecneccenccancancns 30,068 32,857
@ea | 2017

CANADA.

Dea'e.se in Mortality from Tnbercnhsls.

A statement made, May 21 1923, by the pres1dent of the London'
(Ontario) Health Association shows that, according to the Dominion
of Canada census of 1901, the deaths from pulmonary tuberculosis

(1501)
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were 9,709 in a population of over 5,000,000, while in 1921, with a
population of 8,000,000, the deaths from this disease numbered
only about 10,000. During the last two decades the death rate in
Canada was stated to have dropped from 130 per 100,000 of popula-
tion to 83 per 100,000. The death rate at the sanitorium near Lon-
don, Ontario, was stated for 1022 as 85 per 100,000. :

This decrease in tuberculosis death rate was attributed, first, to
earlier recognition of the disease and to earlier and better treatment
in sanitoriums, and, secondly, to the removal of tuberculous patients
from their homes to sanitoriums and the consequent improvement in
living conditions on their return home.

ESTHONIA.
Communicable Diseases—Apeil, 1923.

Communicable dlseas& have been reported in the Repubhc
Esthonia as follows:

APRIL 1-30, 1923.

Disease Cases. Remarks.
263
81
6
k1
© "8 | Paratyphusfover, 6-e86es.
FRANCE.
Plague—Vicinity of Parls. .o

Under date of June 11, 1923, the accurrence of four cases of plagne
with two deaths, during the period May 20. to 22, 1923, was reported:
at St. Ouen, a suburb of Paris, France. The dates of occurrence were
stated as follows: May 20, one case; May 21, one case w1th one death
May 22, two cases with one death.

HUNGARY.

Typhus Pevet—Budaput-—conntn Districts.

Information dated Apnl 5, 1923, shows an outbreak of typhus fever
at Budapest, Hungary, in February, 1923, with & total of 14 cases,
of which nearly all were stated to have been imported from the
country. Some spread of the disease was reported for the country
districts, 76 cases bemg reported in the county of Heves, occurring
in wandering gypsies, and six cases in the county of Fejer.
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PERU.
Mortality—Callao —Lima—1918-1922.

The following tables have been compiled from statistics prepared
by the Bureau of Public Health of Peru. The population of the city
of Lima was estimated at 168,000 in 1918 and 176,000 in 1921. The
population of Callao was estimated at 52,000 in 1920.

Mortality in Callao, Peru, 1919 to 1922, inclusive.

Disease. 1919 1920 1921 1922
6 5 4 12

1 1 2 3

108 135 105 138

-3 N 38 41 39

34 5 % 7

3 2% 15 12

7 L] 7

7 30 21 2%
.......... 1 1 5
190 182 278 32

6 47 32 58

18 28 17 2%

7 3 12

483 555 545 681

883 939 014

1,36 | 1,491 | 1,337 1,585

Deaths of infants under 1 year of age in Callao, Peru, 1918 to 1922, inclusive. -

Disease. 1018 1919 1920 1921 1922
Bronchitis........coociiniiiinioniinaeannaas eCecenens 6 11 16 7 9
Diarrhea and enteritis. ......cceeeeiiicinennnnannnn. 15 |- 108 135 105 136

theria | 3 FOUS 1 ) N P
3 2 6- 5 1

1 2 5 3 3

1 2 ) Y IO 3.

19 15 29 24 28

11 (- ---19 - 19

1 1 10 3 4
.......... . . 1
.2 1

-1 3

5 13

3 5
ceeeeenisl 1
.......... 6
208 233 233

34 35 35

187 204 162
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Mortality in Lima, Pery, 1918 to 1921, inclusive.

Disease. 1918 - 4 w0 1920 1921
.2 k- ]
ll: 41: . e
# 2 2
B oE A
»] ? R
.......... 2 1
eaceecmanafonaacacen 3
755 -798
282 215 219
(] 166 o
.2 3 R
2 17 0
Total. . 2,339 2,087 121
Otherillnesses. .....cccceee.... beserecasanacans sssseesissuanssd 2,85 3,014 040
Total.coueueecimeennnnnns OV cisesasssesnsaencd 5,888 5,198 8,081 1,701

Deaths of infants undar one year of age sn Lima, Peru, 1918 to 1921, inclusive,

Disemse.

2

-] 32
8 5
24 46
] 19

5 loeenecanzs
17 20
k.14 4 .3
(.3 s
m| W
L2 1w

Communicsbie Diseases —February 26-Mareh 3, 1923,
Communicable diseases have been reported in Poland as follows: -

FEBRUARY 25-MARCH 3, 3983, ..

. . 4 Disgtricts and i
Disease. Cases. | Deaths . Ma
Cerelrospiml meningitiS..ceeeeenieniennioiiiiicanaannnn . 2 6 | Kielce.
Diph 68 11| Lods.
ensl 813 32 | Lodz.
Scarlet fever 218 32 | Stanislawow.
8; 5 3 | Stanislawow. . - ™
Tl 145 2341 Warsaw City.
Typhoid fever 238 p<] Knkaw, Lods.
Typhus fever 448 25
119 ] Eastem'l‘u'ﬂtotlu.
66 5 | Lwow; Stanislawow. °
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Dyseatery.

During the period under report, 17 cases of dysentery with 3
deaths ‘were reported in Upper Silesia, Poland.

SYRIA.
!M Encephalitis—Beirut.
During. the 10-day period ended April 10, 1823, a case of lethargic
encephalitis was reported at Beirut, Syria.
TRINIDAD.
Epidemic Influenza.

Under date of June 5, 1923, epidemic influenza was reported
prevalent in the island of Trinidad, West Indies. In Port of Spain,
the capital, where the number of reported cases was stated to be
large, there were few deaths from the disease reported. In some of
the poorer districts the mortality was considerable.

CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW FEVER.

The reports contained in the following tables must not be considered as complete or final as regards either
the list of countries included or the figures for the patticular countries for wh’icl; reports are given.

Reports Received During Week Ended June 29, 1933
CHOLERA. oo

Place. Date. Cases. | Deaths. Remarks.

Apr. 1033: Cases, 1,902;
Soaetm, Lare, O

Plague rodents, 4.

T o, s
aths, 4384, o

1 From medical officers of the Public Health Service, American consuls, and other sources.
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CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
B M EVER - Contlnued. o o

Reports Received During Week Ended June 29, 1923—Continued.
SMALLPOX.

Place.

Date.

Remarks.

Brazil:
Rio de Janeiro..............
Paulo.

ccscsssseccencane

1

Canada:
British Columbia—
Vancouver.............|
Saskatchewan—

Ceylon

cecceccsccncance

Colombo...................| Apr.

Apr. 29-] 12....
o e

Apr. 1-May 28.....
May6-19..........

1
1

OK...ecieecceaccanes

slands:

ececccecccsccascscncce

Apr. l-ao, 1923: (haes,o.v.

) C
A%;ghm.cuu,m

Feb. 25-1“: 3 1@: Ous, .‘.5:
deaths, 3. ! L

Poland......cccecenennecaenen..

Rumania:
Kishineff District..........

May 7-13..........
May6-19..........

cevscncace ..

1-30, 1923; Cases, P
Ap;plms,emas, 6. 8. Fan-
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CHOLERA, PLAGHE, SMALLPOX, TYPHUS FEVER, AND YELLOW
. " FEVER—Continued. }

June 29, 1928,

Reperts Received from December 30, 1922, to June 29, 1923

CHOLERA.
Place. Date. Cases. | Deaths. Remarks.
China:
. Sept. 22...caun... . 80 -

csecacecsccncncasal

Sept. 22, 1922: mduthsmputel.
24-Dec.

30, 1922:
lsgﬂpt 1@:’3&2:
Zamboanga g
m....-....E.-.-.....-.-.. Fan. 1-Oct. 7, 1922: Cases, 83,367,
,367.
Turkestan Republic: 3 cases re-
ported on waterways.
Sept. 1-30, 1922: Cases, 119.
‘Btngk&........-.-.....-.. Oct. 29-Dec. 23.... 4 1
............ esseeeeao] Dee. 31-Apr. 28. .. 13 s
PLAGUE.

DO..avenanrad
Canety Islonds. .. ....c.cccceene

Fob.15...

Nov. 19-25........

Oct. 15-Dec. 16....
Jan. 14-Feb. 10.

Nov 12-Dec. 30...

Dec. 31-May 5.....

‘ﬂc!ntty of Horta. Dec. 30, 1922.
8everal cases.

-.] Actusl occurrence absest Mar. 6,
] 1923

Nov. 12-Dee. 'N, 1922: Cases, 100;
deaths, 35. At locadities 3—9

Dec. 1-31, 1922: <Cases, M
, Jan. 1-81, 1923:
Cases, 73; deaths, 73.

Jan. 15-Mar. 17, 1923: Cases, 8;
"“z‘"”ﬁl& eépr 13, aa:ae:-
ent. resen!
rw.—x-.mf‘. prosenty

Present, bubesic; 4 epidemic,
PpReuInONic.

Phguwdmu.a

1Froni medical oficers of the Public Heslth Service, American consuls, and other sources.
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CHOLERA, PLAGUE, suAu‘.,Péx,-mn“etqs FEVER, AND YELLOW

FEVER—Contin

Reports Recelved from December 30, 1922, to June 29, 1923—Continued.

PLAGUE—Continued.
Antolagasta. .........cccees|oeen eees SR U I e Quarantine. Year, 1922: March,
. 1case; May, 1 case.
Bongmg .................. Nov. 5-Dec. 23. ... 14 12
..................... Dec. 31-Apr. 28... 12 9
Manchuria—
..... eeceeccea...| Jan. 20-Feb. 4..... Tloceaocennn
Ecuador:
Guamote.......cceeeennnnn. Apr. A............ 20 5 | Railway town.
ov. 1-Deo. 31.. [ 3 | Rats eung)ned - 21,000; found

EastJava.....ccccceeeeee..
Residences—
Pekalongan .......

Nov. 19-Dec. 29...

Oct. 20-Dec. 18... .

Nov.do.oooaeaaaodoenaasonaaallldl

Bubonic, 4: septicemic, 2.
Pneumonic: 1 death.

Vicinity of Paris.
L spumd
ar. H

fcinfty Pacific

In vi

m"tss;z.
Zue rats, 2.
Co.,
A 1-3% Plague rat

r. 19, o aguse rat.
oo 1-Dec. 30, 1922: Cases, 26,878;

005, .31, 1922°
Cases, 125,300;

9

Jan. 17, 192 Cases,5; desths,
Nota seaport. -
Presem_in'o:bﬁgﬁglclc‘tm. e
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,» PLA SMALLPOX, TYPHUS F , AND YELLOW
CHOLERA, PLAGUE, X, TYPHUS FEVER,

Ruperts Received from Decomber 30, 1922, to Jume 29, 1923—Continued.

PLAGUR—Continued.
.................... ceeeccccsccnccsccsecfucaeeeesfeaeneo....| Jan. 1-Dec. 30, 1922 Cases 1i3;
Madagascar Jan. \-Yiar 3, 923 Gases, 155
1n 16-Feb. 15.. .. ;] 2 Bubomeandsaptmtc.
an. 1-Mar. 81..... [ ) 4

........... To Nov 12, 1922:
2’ Oasesmportedto

Bt?l:‘oﬁle, 18; sepﬂeunic, 3
(doubttul, 2).
omic.
m1m 1, 1923: 1 case
h(n 1-Dec. ‘10, 1022. Cases, 73
‘ ”)pmnmonic, 8

Oases 152; deaths, 113.
, pnmmonlc, septi-

Ambohimangekeley| Nov. 19-Dec. 10... [ I . Bubenic $; pneumnonic, 3; septi-

Anketrina.......... Mar. Z-May9.... Buboalc ; ppeumonic, 2; septi-
aboakc 4 %mbtm P

Fenoarivo region...| Oct. 7-Nov. 28. ... 16 foeoeee.... Bubonic, 5'3 pneums 3

Tananarive. ....... Oct. 23-Dee. 10...{........ 5 | 1septice

.| Dec. 14-Mar.31. .. 26 10 BWWW
........... eeeee.of Year 1922: Cases 98 deaths, 73

January, 1933: , 18,

Plg“;&e rodent found, Mar. 1,

Nov. 1-Deoc. 31, 1922: Cases, 199;

Jan. 1-Apr. 30, 1923 Cases, 489;
duﬁs,psu. !

Present

Including vicinity.

.hm 1-Apr.18..... Do.
) U PR, At Campina.

Jan. 1-31

- nl oc. Mar. 31 M’ Nov.9 ls} 1922
Chiela ﬂ" wnd | Nov. IG-DC 15...

De... Jun. 1-Apr. 30.....

)
[ e

Apr. 16-30, 1923: Present.
Country.

ECwemun=Banlta®y




June 29, 1923,

1510
CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER—Continued.

Reports Received from December 30, 1922, to June 29, 1923—Continued.
PLAGUE—Continued.

Place.

Date.

Cases.

Deaths.

Remarks.

Peru—Continued.
Lomlitlnes—(,ontlnued

Portugal
Lxsbon

.| Jan. 1-Apr. 30.....
.| Jan. 1-Feb. 15.....

Jan. 1—31.... .
Nov. 1-Dee. 31..
.;?n 1-Mar. 31.....

—
B €O SO D) U =t O 0O Y O N

ST

—

=3 —
HROWHWEOIONON

Russia:

Turkey:
Com%antinoplo. cesencacaaan

Qceccenconcancanan

Venezuela:

‘West Africa:
Senegal—
akar........ ceeeeeeaan
On vessels: :
S. S. Helcion...............

88— e

Nov. 12-Dec. 23...
Dec. 31-Apr. 28...

Nov. 15-Dec. 18...
Feb. 27-May 14.. .

Nov.22-28........
Jan. 28-Feb. 10....

v
.
.
.
.
.
.

B OO RO =

e
AT OO OV i s b OO © ST DD e OO

—

—

Apr. 16-30, 1623: Present.

District.

Fatal cases among white popula-
tion.

Dec. 2, 1922-Feb. 16, 1923: Cases,
116 (pneumonlc), occurri.ng in
2 out of 6 governiments.

Sept. 24-Nov. 14, 1922' Cases, 23;
caths, 9.
17 suspected cases.

et

Desert town. Probably out-
break reported for Ben-Gar-
dane, Public Health Reports,
May 18, 1923, p. 1110.

Natives. Jan. 25, 1923: Plague-
infected wild rodent found in
vicinity.

Present.

At Thursday Island Quarantine,
Australia, from Singapore,
Straits Settlements. In Chi-
nese firemen.

At port of London: Pl
infected rats and cats found in
gram cargo on vessel from

uth America.
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CHOLERA, PLAGUE, SMALLPOX TYPHUS FEVER, AND YELLOW
F EVER—Contmued

Reports Received from December 30, 1922, to June 29, 1923—Continued.

SMALLPOX.
Place. Date. Cases. | Deaths. Remarks.
Algeria:
Algiers...ooiiiiiiiiiiiia.. Dec. 1-10.......... ) N
0 T J an. 1-Mar. 31..... L 3 PO
Arabia:
Aden ...................... Nov 19-Dec. 23... 7 3
..................... Jan. 7-Mar.31..... 23 2
%a{lbadoes (West Indies)....... APr.26..cceeeeie]oenenieeanaiai, Present. (Reported as alastrim.
olivia:
LaPaz...c.ccouen... e Jan. 1-Mar. 31..... 17 15
Brazil:
Bahia......ccoeeeene. eenan Nov 5-11......... ) O P
L TR ar.4-31..... 2 1
Para....ooeiiiiiiiieeea. Feb 12-Mar. 25.... ) € 2 P
Pernambuco. ............. +| Jan. 21-Apr. 21.. 19 2
Rio de Janeiro............. Nov. 25-Dec. 30. . . 40 15
..................... Dec. 31-May 12.. 62 27
6-: 1 1
Do 5 6
British East Africa:
Kenya Colony—
Mombasa.............. Mar. 25-May 5..... 2 1
Tan%anyxka Territory..| Oct. 8-Dec. 23..... 117)3 lg
Uganda.....cocuuen.... 3 1 | Jan. 1-31,1923: Cases, 3;deaths.1,
Entebbo 3 3
Do........ ceren 14 21
Canada:
Alberta—
Calgary.....c.ccoeeunnn. Mar. 4-10.......... ) O
British (‘o umbia—
ernie...........oe.... Mar. 18-24._....... ) N
Vancouver............. Apr. 1-May 26. . . F: 3 P
Manitoba—
Winnipeg.............. Dec. 10-30......... i 2 PO
Do...ovvvninnennn.. Jan. 21~May 2.... 70 feeeennnes
New Brunswick—
Northumberland | Jan. 21-Feb. 17.... 28 P,
County.
Restigouche County....| Mar. 11-17......... 1 1
) 17: o 1 DR FPRPIN FURIN AP Dec. 1-31,1922: Cases, 51: deaths,
Hamilton.............. Dec. 31-Feb. 24. . R P, 1. Jan. 1-May 31, 1923: Cases,
Niagara Falls.......... Dec. 3-30.......... 10 {oeeennn... 138.
DO.uemiieaennnnn. I)ec 31-May 5..... 17 Jececeaannn
Ottawa................ Dec. 10-23......... (38 PO
Do.ceeiiiinaan... Jan. 7-Mar. 31..... 21 1
Toronto................ Dec. 10-30......... b2 N
Do.ceviiniananan... ‘eb.4-10.......... ) B P
Quebec—
Quebec................. Jan. 14-20......... 2 PO
Sherbrooke............. Mar. 1-3L..cooeaiifoenannn. 2
Saskatchewan—
i ec. 3-23.......... 21....
May6-19.......... 2 eeaeinnn
.{ Nov: 12-Dec. 24... 9 4 | 1case, 1 death outside city.
Feb. 18-May 5..... 6
Apr.1-7.... 1
Oct. 30-Dec. . 7
Feb. 1-May 7. 2 | Mar. 1-Apr. 30, 1923: Deaths, 9.
Oct. 2-Dec. 30 153 | In hospital Dec. 26, 1922, 83 cases.
Jan. 9-Feb. 10.... 90 | Dec. 31, 1922-Jan. 27, 1923:
Deaths, 66. Feb. 16, 1923: &0
casespresent (estimated). Jan.
20-May 12, 1923: Deaths, 224.
Nov. 5-Dec. 23.. Nov. 26-Dec. 30, 1922: Present.
Prevalent.
Present.
Changsha. .
Chungking. Do.
Do... Do.
. 30.. Do.
Dec.31-May 12....0...... ..o, 0.
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CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER—Continued.

Reporis Rececived from Deceniber 30, 1922, to June 29, 1923—Continued.
SMALLPOX—Continued.

| Jan. 25-Feb. 20.....

' Dec. 3-9...........

Jan, 1-Apr.30.....

Apr.18............

Nov. ll—Dec. 31...
Jan.1-31..........

Nov. 21-Dec. 31...
Jan. 1-Feb. 10.....
Dec. 21

. 1-31
Jan. 1-May 7......

Feb. 19-May 5.....
Jan. 20-Feb. 18.
Ji -27

Dec. 11-17.........
Apr.22-May 12...
Nov.26-Dec.23...
Nov. 19-Dec. 13...

-} Jan.7-Apr. 14...

80—'!—"6&

48 |eenannaes

..... cecececasy

ecesccceca

Estimated wmpmsent
mild; am among. colored .
tion. Feb. 16-28, 1923: 6 to 9
cases 2 from town limits.

Mild outbreak.

Oct. 1-31, 1922: Cases, 3. Jan.
1-31, 1023: Cases, 3.
Feb. May 7, 1923: Pment
ttli‘”-teg‘l ’poned F b 26
estima re 'eb. 26,
ilepor&ed

Present.

. 1-Dec. 31, 1922: Cases, 61,
J-n l—Apr aﬁ Cages, 40.
Apr. 16-30, 1923 M.

From vessel. S

From 8. 8. Oak Branch, from
South. :

6-12,1923: On ve , of whi

Seemm

ecccoccosas

one from Antverp, one mt-
wise.
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CHOLERA, PLAGUE, SMALLPOX TYPHUS FEVER, AND YELLOW

EVER—Continued.
Reports Received from December 30, 1922, to June 29, 1923—Continued.
SMALLPOX—Continued.
Place. * Date. Cases. | Deaths. Remarks.

.| Jan.13-Feb.13....|........ 1

Jan. 2l—Apr 22... et 112

Nov. 6-Dec.31.... 6 5

. Jan 15-Apr.29.... 22

Epidemic, Jan. 17, 1923.

Feb. 26,1923: Present. Reported
asalastrim.

Present.
Apir 17, 1923: Outbreak in inte-

Nov.5-Dec. 30, 1922: Cases, 5,783
deaths, 333. Dec. 31,1922-Apr.
14, 1923 Cases, 31,473. dea

7442,

Dec 31-Apr 21.

.] Nov.12-Dec. 30. .. 46 23
Dec.31-Apr. 28.... 198 102
Nov.26-Dec. 30.. (-3
Dec.31-May 7..... 29 3R
Nov.12-Dec. 30 7 23
Dec.31-May 12....] 373 122
Nov.5-Dec. 30. .. 27 6
Jan.7-May 5...... 554 238
Oct. 1-Nov.30.... 568 361
.| Jan. 1-Mar.31..... 38 50
Apr.168-22._....... 1
Jan.29-Apr. . 24
Apr A0 Doy st May 26, 1923: Cases
..................... ec
Mar. 11-May 26... 913. Prevnomfy recorded
alastri
ooy e 1 ?
Apr.30-May6.....]  1l..........
Mgr. -lO...y. ...... 1 . |
Jan.22-Mar.25....] = 2|.cec......
J XNov.511......... L 3 ISR,
.| Feb.4-Apr. 2L..... 39 5
Nov.11-Dec. 22. .. 3 l; Cll:y md Province.
OSSN TSI IS Oct -Dec. 31, 1922: Cases, 7.

Mar. 1-31, 1923: Cases, 5.
Mar. 25—:{)1' 21, 1923: ' Present.
Report: as alastrim.
Present.

Including municipalities in Fed-
ereﬁl District.
0.

Nov.1-30,1922: Present in north-
ern section.
Preselg. 2:;“ some localities, Mar.

26,

Jan. 23-Feb. 19, 1623: Cases, 8
northern district.

47738°—23—5
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CHOLERA, PLAGUE, SMALLPOX TYPHUS FEVER, AND YELLOW
ER-—~Contlnned

Reports Received from December 30, 1922, to Jume 29, 1923—Continued.
SMALLPOX—Continued.

Place.

Date.

Deaths.

ngola—
Loan

Dee.18-31.........
Jan. 15-Feb.
Oct

Nov.1-15....

Nov. 19-Dec. 30..
Dec. 31-May 12...

Oct. 15-Dec. 30...
Dec.31-June 2....

Oct. 27-Nov. 11...

Feb. 23-Apr. 19...
Nov. 1¢-Dec. 30

Jan. 14-May 19....
Nov. 12-Dec. 23...

.| Dee. 31—Apr 14...

Dec. 11-20..

TSR TR

--| Nov. 1-Dec. 31....

Jan. 1-May 1......

Dec. 1
Jan. 22-Feb 4.....
Nov. 19-Dec. 16...

.| Dec.’31-May'5....

Felb. 1-28, 1923: Cases, 8; deaths,

cuy and country.

l—Dec 1922: Cases, 132;
Hon l-Mars 1923:
Cam, 114 deaths,
143 34
8 88 | Dec. 25-31, 1922: Deaths, 12.
Mar. 26-May 19, 1923: Cases,
107; deaths, 28.
24 12
23 12 J’ué:. 5-20, 1923: Cases, 22; deaths
10

.| Jan. 1-31, 1923: Cases treated in
hosg:tal, 10.
.| Jan.-Sept. 1922: Cases, 8,744.
Present.

Present in Nikolsk, Slassk, and
Ussurisk Counties. :

District.

38 20
30 6

) 3 PO
) U PO
97 16
-~ PR

2 1

1 1
122 34
416 196

Apr. 21-27, 1923: Many cases re-
ported.
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June 29, 1923,

€CHOLERA, PLAGUE, SMAFLLPOX. TYPHUS FEVER, AND YELLOW

ER—Continued.

Reports Received from December 30, 1922, to June 29, 1923—Continued.

SMALLPOX—Continued.

Place. Date. Cases. | Deaths. Remarks.
‘Union of South Africa.......... PP FPPP cecevacaes Oct 1-Dec. 31, 1922: Cases—Col-
. ored 64; desths 1; white, cases,
DO..cevnnnnnnns ceccsesnnane S I I Jan 1-Mar. 31, 1923: Cases, 54;
colored, 3i; white, 4; deaths,

Dec.
Nov.

Jan. 1-31...

31-Apr. 15
1-30 P

Oét l-Deg 31, 1922; Cases—Co!-
ored, 48; eaths 1; white, 4

Jan l-Ma.r ~31, 1923: Cases 36
(colored, ls.white,o Deaths
colored, 2.

Outbreaks.

Dec. 1-31, 1922; Cases G(m'ored;
Jan. 1-Feb.

deaths, 1 (colored)
Outbreaks.
Dec. 1-31, 1922: Cases, 2 (colored).
Jan. 1-31, 1023: Cases, 3 (colored).
Outbreaks.
Oct. 1-Dec. 31 1922‘ Cases 10.
Jan. 1-Mar. 31, 1923: Cases, 12
(colored): deaths 1.
Outbreaks.

Aug. 1-31, 1922: Cases, 30; deaths,

Dec 3ldl?22—Mar 24, 1623: Cases,
eaths, 1
Dec.31 1922-Mar. 24, 1923: Cases,
266; dea ths, 35.

Aug. 1-31, 1922: C;
31-Mar. 24,
deaths, 21

ases, 26. Dec.
1923: Cas&s, 70;

. At Pemsmbuco, Brazil.

ﬁ from Antwerp.
y 19, for Glasgow;
left kay 25, for San Francisco.

8.8.Hedsley...cceeaceeec .o doaaeaonaa.., ) U SO, At Liverpool. Coastwise.
8. 8. Huntress............. Nov.1l........... ) B PO At Fremautle, Australia; from
Cape Town, South Africa.
8.8. Junin......ceeaae..e.. Jan. 13............ ) 3 PO At Antofagasta, Chile. Vessel
proceeded to Arica, Chile, with
tient on board.
—reisececsenenecenens Dec. 17-23......... ) ) FOORR At Liver
8. 8. Oak Branch.......... Apr.22-28........ b OO, At Luerpool *trom South Ameri-
can rts. (Iquique, Chile,
Mar. 17; Balboa, Apr. 1, 1923.)
8. 8. Tenyo Maru.......... Mar.20........... B PO At Shanghali, China, from Japan.
In steerage passenger.
TYPHUS FEVER.
Nov. 11-Dec. 31... 2 1
.| Jan. 1-Apr. 30..... 76 25
Jan. 11-20......... 1 1

Do.

Feb. 4-Apr. 14.. .|

Paratyphus, 4 cases; 1 death
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CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER—Continued.

Reports Received from December 30, 1922, to June 29, 1923—Continued:
TYPHUS FEVER—Continued.

Place. Date. Cases. | Deaths. Remarks.
Y Nov. 12-Dec. 30... 24 5| Nov. 11-Dec. 5, 1922: Cases, 10;
.| Dec. 31-Apr. 7.... 4 2 deaths, 2. Quaran mestaﬁon
Oct. 17-Deec. 18....[........ 9 October, 1922—1 fatal case on
_vem‘:sf’l'zgmValpamiso7 Deg::le)::
ber, —cases, 7;
3?25—&9@; 9; rémaming, 4
|
Dec. 28-Apr. 23...1........ 16 | Apr. 1-30, 1923: Deaths, 4.
Jan. 14-Mar. 31....|....... 3
Nov. 12-Dec. 23. 10 6
Jan. 7-May 12..... 10 g
| Dec. 31-May 12001200000 5 (Daily hospital average, reported
v Fyb l;? 1923, 25 ge o

2::. 21-3ti1 10...
3 ay
May 13-19....

Jan. 1-Feb. 28, 1923: Cases, 121;
deatbhs, 5.

-| Including 1 from Poland.

Imported, 2.

Feb. 26-Mar. 4, 1923: One case
relapsing fever.
Oct. 1-Dec. 31, 1022: Cases,
Recurrent typhus Cases, m
Year 1922: Cases, 159; recurrent
typhus, 91 cases.
Jan lApr 30, 1923: Cases, 24.
Recuxrent typhus, Jan. 1-31,
cases, 4. Paratzph 12
30, 1923: Cases Apr.
Year 1922 Cases, 140. Recurrent
Cases, 83.

Fegpls-k{ar 13, 1923: Cases, 7;
recurrent typl\us,

Present.
Do.

.{ Jan. 13-Mar 31, 1923: Deaths, 12.

A f

. mongre ugecs.

Refogees. Recurrent typhus

R fever, Mar. 12-Apr. l,%.
Cases, 4; , 1.

Zante........cocevuene-.... Jan 17....ooiiiiidenniii o, Present.
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CHOLERA 'PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW

FEVER—Contmued

Reports Received from December 30, 1922, to June 29, 1923—Continued.

TYPHUS FEVER—Continued.

Place. Date. Cases. | Deaths. Remarks. -
Hungary:
I B(lﬁia est‘:.....)............ Jan. 14-May 12.... 44 12
T8/ esopotamia,
In q d dmf .................... Feb. 1-Mar. 31.... 2% IR
lBelmulle': .................. June 15-Dec. 14... 20 leeeennnnn. In County Mayo.
aly:
y('.‘atania .................... May 7-13.......... ) 0N PR
Trieste....covvevnnennnnnn. Feb 25-Mar. 3.... ) 3N P
b ;02 ¢ SRR (PR R s ..| Oct. 1-Dec. 31, 1922: Cases, 74.
Recurrent typhus Cases, 10.
Feb. 1-Mar. 31, 1923: Cases, 93.
Recurrent tgphus, 2 cases;
paratyphus, 2 cases.
Libat.cceciciiaeninnnnns Apr. 25-May 1..... b I,
Mexico:
Guadalajara................ Mar. 1-Apr. 30.... 2 1
Mexico City......coounnnnn.. Nov. 12-Dec. 30... 90 foeeennnnns Including municipalities in Fed-
eral District.
DO.eeieacieaaaaaanns Dec. 31-May 19.... 233 fecenannnn. Do.
San Luis Potosi............ Jan. 28-May 26....|........ 5
Netherlands:
Rotterdam................. Apr. 20-May 12.... 2 PO,
Dec. 5-25, 1922: Cases, 3; in
northern  section. f‘e 27-

Portugal:
Lisbon
Oporto.

Do

Rumania:

Bucharest... ..
D

Ukraine, Tartar Republic,
ang Siberia.

June 1-

Nov.1-Dee. 31.... 5
Jan. 1-Mar. 31.....

Nov. 30-Dec. 27...
{)an. 11-Mar. 28...

. Mar 1-Apr. 20....

Apr. 16-May 13....

Mar. 5, 1923—1 case in north-
ern section. Apr. 17-23, 1923:
One case relapsing fever.

Oct. 1-Dec. 23, 1922: Cases, 1,916;
deaths, 130.  Recurrent ty-
hus: Cases, 2,071; deaths, 56.
an. 1-Mar. 3 1923:  Cases,
3,547; deaths, 8. Rmcurrent
typhus Cases, 897; deaths, 22.

To Jan. 31, 1923: Cases, 96;

deaths, 13
Recurrent typhus: Cases, 33.

District.
.)u21§' 30-Sept. 23, 1922: Cascs,

.| Undctermined cases, 38.
.| Provisional figures.

Remittent, 1 case; indefinite, 6.
Remment 1 case; indefinite, 33.

Generally among refugees.
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CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER—Continued.

Reports Received from December 30, 1922, to Jume 29, 1923.—Continued.
TYPHUS FEVER—Continued.

Date.

.| Aug. 1-31

Nov. 27-Dec. 2....
Dec. 31-May 12....

Dec. 31-Apr. 21. ..
Jan. 28-Feb. 10....

Dec. 31-Mar. 24. . .

. Auﬁ

Mar. 31-Apr. 6, 1923: Many cases.

Oct. 1-Dec. 31, 1922: Colored—
uses,3, dea.thsi ; white—

Jon Thas. 31 1923: Total cases,
1,253, eatlm, 111. (Colored—
eases, ,238 deaths, 110; white—

:  Colored—
eases,2799 deaths 250; white—
cases, §: death, 1

Jan. 1-Mar. 31, 1923: Colored—
cases, 1,000, dmths 79; white—9
cases, 1 death.

Outbreaks.

_| Oct. 1-Dec. 31, 1922: Colored—

cases, 143; deaths, 82; white—

Jon: 1Mar. 3, 1o Colored—
cues, 53; deaths, 10; white—1

. Outbreaks
_| Oct. 1-Dec. 31, 1922: Colored—

cases, 91; deaths, 8; white—
cases ;deaths,l

Jan. 1-Mar. 31, 1923: Colored—
cases, 120; deaths, 11; white—2
ocases

Oct. l~Dec 31, 1922: Colored—
cases, 64; deaths, 8.

Jan. l—Msr 31, 1923: Colored—
cuses,2 deaths, 11; white—

s 2.
Outbreaks.

Dec. 31 mz-um- 24, 1923: Cases,
106; deat,

t 1ever, 1 case.

1-31, 1922: Recurrent
fever: Cases, 4. Dec.
24, 1923: Cases, 25.

i %

YELLOW FEVER.

Dec. 31-May 12....
May 3-19..........

13 3
w2
) N PO,
) 3 P,

Outbreak of epidemic reported
Mardizgnosis tfommnotiot:;show-
o w fever re-

eefved under dztee of May 16,
1923. Declared epidemic by
%lg&)ian Govemment lhy

Reported on bills of health,

Reported present Dec. 21, 1922,
Do.




